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INTRODUCTION

This report describes a computational method for calculating supersonic
inviecid flow within an inlet using an extension of the SWINT code which is
described in References 1, 2 and 3. The SWINT code is designed to calculate
3-D external supersonic flow fields on a missile type configuration. It
marches a known nogsetip flow field down the length of the missile body. The
computational domain is bounded on the inside by the body surface and on the
outside by the bow shock which is tracked. It is restricted to flow flelds
which are supersonic everywhere and is specifically designed to treat thin
lifting surfaces. The points interior to the computational domain are
described using a weak conservation form of the Euler equations while a
characteristic analysis is applied to determine the relations applicable at
the body fin or shock. The MacCormack explicit method 18 used to advance the
flow field.

The modifications to SWINT described in this report primarily consist of
replacing the shock relations with solid wall conditions. The computational
dowmain is now bounded along the lower and upper edges by the body and cowl
respectively. The inlet computation is started using the flow field at the
inlet face determined by the SWINT code. This flow field is re-grid at the
iniet face to exclude portions of the flow field outside the cowl using the
interface program COWLI which is also described in this report.

The extended SWINT code is only applicable to the supersonic portiom of
the inlet and fails when the axial Mach number becomes less than unity.
Internal shocks are not tracked but instead captured by the numerical
scheme. The modified SWINT code is most applicable to cylindrical inlets (not
necessarily circular) since the left and right edges of the computational

domain are treated using either a symmetry or antisymmetry condition
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implemented in cylindrical coordinates. However, reflection boundary
conditions may be used to simulate planar walls that are aligned with the body
axis. This makes it possible, in principle, to treat certain non-cyclindrical

cases. Planar flows can also be approximated by using large body and cowl

radii.

In the remainder of this report the extension of SWINT to handle inlets
| is outlined and several test cases are presented. The interface program,
h COWLI, 1s also described. This program calculates induced inlet drag,
recovery pressure and massg capture as well as rezoning the inlet face flow
field. Appendices A, B and C present a listing of COWLI, an update deck
‘ listing for converting the original SWINT to the extended version described in
1 this report, and user instructions for applying SWINT. A sample inlet run is

provided in Appendix D.
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MODIFICATIONS TO THE SWINT CODE

COWL BOUNDARY CONDITIONS

The major modification of SWINT involves implementation of surface
boundary conditions at the outer edge of the computational domain. This
development parallels that for the body surface which is outlined in
References 1-3 and given in detail in Reference 4. For completeness the
results and analysis are summarized here. The physical and computational
coordinates applicable to an inlet configuration are shown in Figures 1 and 2
respectively.

On the cowl surface (X = 1) the normal velocity component is zero which
implies:

u=-¢c,w- (E¢/E) v=0 (1)

This condition is supplemented with certain characteristic compatibility
relations associated with the Euler equations. It is found that there are
three independent characteristic relations which are admissible on X = 1.
These can be written as a system of quasi-linear first order partial
differential equations on X = | for advancing P = ln(p),V, = u(E¢/E)+ v aud s.

The resulting relations are

e - [x A_3p _1_ 2A ~1 1

9Z r-=3% 31 {owl A_ 3% " (a7w + aav)] + p}] 7 (2a)

wh p =P . 36

ere P = Vb + wA_e1 + Z 5
(2v)
1 ~ ~
+ T Y +T + - +
P&, ( 8" 36) = €, (T35Y¢ c"/c)]

re vy gy - e B Fra—y - Bea B e L 2 Soge & e o 3 . . .
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2 ~ ~

a” (B,-c,) 2 c
SRS The Sy L 2 _ 9 )2
A_ 7 2 ’31 ‘/32 Vw [1+( 'E)]

E - (61 952’53’54)

2

2 ~
& = wi_(2-V Kl/p) » §y = C - A_+w Klk_/p

Eq = wuc,d fp=l , §, = wk)A /o + 'E¢/E

- @ .yt
3 38 p l/(ss)p (xl = - p/h for a perfect gas)

2 ~ ~ 2 ~2
v, " 1+ (c¢/c) +<:z

X¢
A xtu + -r-v + xzw
av,. -
37 " v + v/pw (3a)
where
vs :1'% - pvw 3‘/3 - p(TBSY¢ + 'E"/E)/E (3b)
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n= (r\1 MysNy ,n,‘)

AR S anae N B o

nl-v,..nz'o.na'-zq,/?:.n,"-l

9Z v oY

where B = Z%V_ + Yzw
Alternative expressions for

improved results are:

p and v of (2b) and (3b) which often give

A-.Lv Py ~ - a_p. ZC
) S v‘,‘-c-[c:zvzz+‘%2 c¢Y¢+(£g 1) kg (20
. c a
~ pB (asw + a3v)
v w a(v/w) ~
+owa_{(T, =T )w+ =T +=[Y ——— +c¢]}
f6 86 3 f., 2 ¢ oY z
where
. _
85 =3 - Sz¢' Yy
3 (c./¢) ~ ~
- " _ /~- c ~2
a3 7Y [é0 c ("¢/e) ]Y¢
fzx+ Yszx (bz'cz) Y¢fo (c¢-bQ)
Te = Tg +— = s Te =gt
6 8 X (S - b) 7 x (T -~ b)
and
S e Blaw - hy 1y 3p _pvw @ (3¢)
b S T ~ a3 =~ %
[ [
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Many configurations of interest have sharp corners or edges such as those
found on biconics and other segmented shapes. If the upstream cowl surface
velocity normal to this edge 1s supersonic, either a shock wave or an
expansion fan will be attached to it producing a discontinuity in the surface
flow variables. To handle this situation, an oblique shock or Prandtly-Meyer
expansion is applied at the edge as is described in References 1 to 4. In the
interior these discontinuities are captured using the dissipative and
conservation properties of the interior point scheme. Analogous procedures

are applied on the body and fin surfaces.

12
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COWL INTERFACE PROGRAM

The cowl interface program operates on the inlet face flow field
generated by an external SWINT run. It is designed for cylindrical, but not
necessarily circular, inlets and rezones the flow field to lie within the
inlet, In addition, this program calculates recovery pressure throughout the
inlet plane, average recovery pressure for the inlet plane and the flow
entering the inlet, mass captured by the inlet and induced forces. A listing
of this routine is provided in Appendix A and user instructions are outlined
in Appendix C.

The average inlet plane recovery pressure ratio, average inlet rece- ‘y
pressure ratio and the mass captured by the inlet are determined from

Equations (4a), (4b) and (4c) respectively:

(pt/ptﬂ) ;E%SE = -ﬁ; [ P 1+ -5 rdrd¢ (4a)
2r ¢
(p,/P.) Inlet” FEX . / [p [1 +-—M ]rdrd¢ (4b)
o]

~

2x
m - J f pwrdrd¢ (4c)

b
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where:

n c
AI = / / rdrd¢, Ap = f J rdrd¢
o b

The induced forces are those produced by the action of pressure on the
stream surface which intersects the cowl lip. They can be directly determined
by storing the flow fileld upstream of the inlet face and tracking the stream
surface intersecting the cowl lip back through the flow field until it
intersects the bow shock. With the geometry of this stream surface known, the
surface pressure along it can be integrated to produce induced drag and
1ift. For complicated bodies at incidence, the stream surface intersecting
the cowl may exhibit a very complex shape and this type of procedure is both
laborious and difficult to implement. An alternative approach is to balance
forces and moments acting in the control volume illustrated in Figure 3. Here
the induced forces are determined by performing integrations at the inlet face

plane., The resulting equations for axial, normal and yaw force are:

w PP,
Fo = / f [pw(w,_ - w) + ;EE - p] rdrd¢ (5a)
[¢) ~

c

" c
F = j‘z f pw [GQ - u] rdrd¢ (5b)

o ~
c
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21 c . .
Fy = [ f pw [V - V] rdrd¢ (5¢)
o ~
c

vhere y = - cosdu + sin¢v

V= singu + cos¢v

Figure 4 indicates the sign convention for these forces. Although this
procedure is much simpler than the first approach described, the results must
be carefully scrutinized. There may be cases where the values of the
integrands-in (5) are the small differences between two large numbers. Both
approaches have been tested on sample axisymmetric cases and results agree
within several percent. An additional check on the accuracy of this procedure
can be accomplished by comparing the force coefficients calculated by SWINT
with those of equation (5). Here the SWINT calculated force coefficients
correspond to those acting on the portion of the body forward of the inlet
plane, and equations (5) are integrated from the body to the shock. To adjust
for the assumption used in SWINT that the based pressure is P, » A*/q°° must
be added to the drag force coefficient calculated by SWINT. Here A* is the
center body cross-sectional area at the inlet plane. The drag force
coefficients computed by these two different techuniques generally agree to
within 2%, Discrepancies between the SWINT calculated normal and yaw force
and the results from (5b) and (5¢) are greater, with errors of approximately
15% and 5% occuring on a cone at 5% incidence at Mach 2 and Mach 4
respectively. In order to provide a guide to the accuracy of the calculated
induced forces, the interface program COWLI computes this comparison for each

force component.
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RESULTS

The extended SWINT code has t :n applied to a number of different
configurations, three of which are illustrated in this section. In each case,
measured surface pressures are compared to calculated values. The
computations were carried out using 19 points between the body ind the cowl.
In the axisymmetric cases three circumferential planes were used, while in the
other situations this number was increased to 13. The tested inlets were of
the mixed compression, asymmetric type with a translating center-body. All
cases feature boundary layer bleed and/or slots to reduce the thickness of the
boundary layer.

The first inlet considered is described in Reference 5 and results, along

with a sketch of the inlet, are shown in Figure 5. This example features a

free-stream Mach number of 2.3, 0° incidence, boundary layer bleed and a
center body scoop upstream of the throat. The geometry was approximated using
a plece-wise continuous function generated from a tabular listing of the

centerbody and cowl profiles which was provided in Reference 6. Derivatives

were approximated using a central differencing of the surface locations
evaluated with the local computation step size, %Az, The scoop upstream of A
the throat was simulated using the inlet option of SWINT which excludes from

the calculation that portion of the flow field entering the scoop.

Figure 6 illustrates a comparison between SWINT results and those ot

]
o

measured in Reference 6. This inlet, which is depicted in Figure 6, features ;,jail
e

wall bleed, a free-stream Mach number of 2.5, and an incidence of (. The T
e

body and cowl geometries are described using the cubic splines provided in ‘ o

Reference 6.
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inlet at Mach 3.3 and incidence of 3°. The experimental data used for

comparison was generated in Reference 7 and reported in References 7 and 8.

"J
3
The final case considered is illustrated in Figure 7 and features an 'l

Results from the leeward and windward planes are compared with experiment.
The geometry description was generated from a tabular listing of the body and

cowl profiles. Central differencing was again used to generate needed body

S

and cowl derivatives.
The results shown in Figures 6, 7 and 8 are in reasonable agreement with l;;j
experiment,.’ However, the predicted location at which shocks strike the
centerbody or cowl 18 downstream of the measured one. This is to be expected ;:;
since the effective distance between the centerbody and the cowl is decreased T?;
by the presence of the boundary layer., Ti?i
In some of the calculated cases, it is possible to march through the 5:5
diffuser to the end of the inlet without encountering subsonic flow. In cases '-ﬁ
where the throat Mach number is greater than unity, the exit conditions ;;?
determine the location of the terminal shock and, hence, subsonic regions in ;LJ
the inlet. The marching method currently employed precludes application of Tj?
the downstream boundary conditions, and the resulting solution represents exit - E
conditions with sufficiently low pressure to permit supersonic flow throughout
the inlet. "’
17
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CONCLUDING REMARKS

The SWINT code has been extended to allow inviscid calculations to be
performed on the supersonic portions of inlets. This procedure replaces the
bow shock tracking procedure with solid surface boundary conditions. 1Im
addition, an interface program has been developed which rezones the external
flow field upstream of the inlet face to include only that portion of the flow
field entering the inlet. The interface program also calculates forces, mass
captured by the inlet and average recovery pressure for the flow entering the
inlet. The external flow field upstream of the inlet can be determined with
either the original version of SWINT or the extended version described in this
report., The extended SWINT code is best suited for calculating cylindrical
inlets (not necessarily circular) and is restricted to geometries where the
inlet 1ip lies in a plane perpendicular to the missile axis. Comparisons
between calculation and experiment have been performed for several
axigymmetric, external compression inlets with boundary layer bleed. Computed

surface pressures are in reasonable agreement with experiment.

18
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NOMENCLATURE

speed of sound

Location of the body surface

Location of bow shock

Location of cowl surface

Enthalpy

Stagnation enthalpy

1n (p)

pressure

recovery pressure

Velocity vector

Cylindrical coordinates (see Figure 1)

Entropy

Velocity components in cylindrical coordinates (see Figure 1)

31
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»
»
b
3
)
:
!
]

(x,Y,2) Computational coordinates

4z Computational marching step »

{ P Density

L] Free stream conditions
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APPENDIX A. COWLI PROGRAM LISTING
1 PROGRAM COWLINT{INPUT=64,0UTPUT =64, TAPESSINPUT o TAPEG2OUTPUT, COWL INT
1 TAPE3sS5124,TAPEL]) COWL INT
CoooeoeTHIS PROGRAM REZONES THE SHOCK LAYER AT THE INLET PLANE COwL INT
c TO INCLUDE ONLY THE FLOW ENTERING THE INLET. IT CAN ALSO COWL INT
S C BE USED TO GENERATE A STARTING FLOW FOR EXTERNAL CALCULATIONS COWLINT
C DOWN STREAM OF THE INLEY PLANE wHEN THE BOW SHOCK OR PORTIONS CONL INT
C OF THE 80W SHOCK ARE INSIDE THE INLET, COWL INT
[+ INPUTS COWL INT
C TAPE1]l = SWINT RESTART TAPE AT INLET FACE COWL INT
10 c BNEW+BINEWBPHNEN = NEW BO0Y SHAPE AT INLET FACE., NEED NOY COWL INT
C ALWAYS BE SPECIFIED.(SEE IBODY DESCRIPTIO COWLINT
C CNEWsCINEWCPHNEW = SHAPE OF OUTER BOUNDARY. NEED NOT ALMAYS COWLINT
Cc BE SPECIFIED(SEE [COWL DESCRIPTION) COWLINT
c I80DY = 0 t FLOW AT INNER BOUNDARY 1S NOT ALTERED. COWLINT
15 c BNEWBZNEWBPHNEW NEED NOT BE SPECIFIED. COWLINT
C 1 ¢ FLOW AT INNER BOUNDARY IS TURNED TANGENT TO COWL INT
Cc THE SURFACE. BNEW/.DZNEW+BPHNEW MUST BE SPECIFIED. COWLINT
[+ 2 ¢ INNER BODY FLOW QUANITIES ARE PRESCRIBED ALONG COWL INT
[ EACH M PLANE. BNEWsBZNEW,UPMNEW MUST BE SPECIFIED COWLINT
20 [ 1COWL MUST BE EQUAL 0 AND DDZ MUST BE PRESCRIBED. COWLINT
[+ ICOWL = 0 : FLOW AT OUTER BOUNDARY IS NOT ALTERED. COWL INT
[ CNEW.CINEWCPHNEW MAY BE SPECIFIED. OTMERWISE COMLINT
Cc OLD VALUES ARE USED. COWL INTY
c 1 : FLOW AT OUTER BOUNDARY TURNED TANGENT TO SURFACE COWLINT
25 c CNEW.CZINEW AND CPHNEW MUST BE SPECIFIED. COWL INT
[ 2 t OUTER BOUNDARY IS A MACH CONE., CNEWsCPHNEW MUST COWL INT
[ BE SPECIFIFD., CNEW MUST BE GREATER THEN C FOR ALL COWLINT
c PLANES . COWL INT
c AREA = REFERENCE AREA: DEFAULT 1S BODY CROSSECTIONAL AREA COWL INT
30 Cc AT THE INLET ENTRANCE PLANE, COwL INT
[ RCLUST = R DIRECTION CLUSTERING: DEFAULT 1S UNIFORM MESM, COWLINT
[+ DDZ - DISTANCE FROM COWL LIP TO STARTING PLANE., ONLY NEEDED COWLINT
c FOR 1BODY=2, COWL INT
C IPRINT « 0 3 DO NOT PRINT FLOW FIELO. COWL INT
35 [ 1 : PRINT FINAL FLOW FIELD, (DEFAULT) COML INT
C 2 1 PRINT ORIGINAL AND FINAL FLOW FIELD. COWL INT
[4 3 &t PRINT ORIGINAL FINAL FLOW FIELD AND JUMP MESSAGE COWLINT
Cc OUTPUT: COwWL INY
Cc TAPEJ = RESTART TAPE FOR SWINT COWLINT
40 COMMON NCsMC oKy IPRINT 3P INF 3DINF ¢PHIO WP sRADZ9BZZ o GAMMASMOT2,BMAXs COMST
1519529C19C29CONVRIPTINF» comMsT
1 C(100)+CZ(100)+CPHI(100)+sR(25,100)9D(25¢100)+P(259100)0U(25+100)9 COMST
1 V(255100040 (255100)PHI(100) COMST
2 +BNEVW(100) oCNEW(200) sDUMV (26) ¢yDUMP (26) ¢DUNU (26) +DUMN (26) »DUMD (26) COMST
45 3 +BINEW(100) +BPHNEW (100) s CZNEW (100) +CPHNEW (100) +ROLD (26) COMSTY
4 JPTR(250100) sRCLUST(100) 9PHIL(102) COMSY
COMMON/RGASS/AX ¢ HX ¢ GX RGASS
REAL MX oMY o MZoMXZyMYZoM22 COWL INT
NAMEL IST/INPUTS/ANEWsBZNEW s BPHNEW » CNEW ¢ CZNEW 9 CPHNEW COWL INT
50 1 +I800Ys ICOWL s AREF yRCLUST9D0Z ¢ IPRINT COWL INT
Cooseo INITIALIZE DATA COWL INT
DO 5 M=1,25 COWL INT
ANEW (M) ==~1, COWL INT
CNEW (M) ==}, COWL INTY
55 S CONTINUE COWL INT
0DZ=0. COWL INT
IPRINT = 1 COWL INT
PTRTOT = 0,0 COWL INT
PIRINL = 0,0 COWL INT
60 AINL = 0,0 COwWL INTY
AREAT = 0,0 COWL INT
FAODA = 0,0 COWL INT
FAODN = 0,0 COWL INT
FADDY = 0,0 COWLINTY
[1] FADOAT=0, COMLINT
FAODNTsO, COWL INT
FADDYT=0, COWL INT
SUMINN=Q, COWL INT
ICoOwL = ) COWL INT
T0 1800Y=0 COWL INT
AREF = 0,0 COWL INY
< COWLINT
CoseesREAD FLOW FIELO COWL INT
¢ COWL INT
79 READ (11 INCoMCoATTACK o YAWACHGAMMA PINF sDINFoPHIOK 2y COWL INT
2 FNoFYsFAoMXoMY s MZoFNZoFYZoFAZsMXZoMNYZIHZIZ COMLINT
3 (PHI(M)sC(M) sCZ (M) +CPHI (M) yM=] 9 MC) COWLINT
4 o ((RINGM)QUINGM) sV (NsM) oUW (NoM) oP (NoM) 3D (NsM) COWL INT
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5 M = ]14MC)oN=]1NC)
IF(EOF(11))1000+25
c
25 CONTINUE
DO 3 N=]l,4NC
RCLUST (N) =(N=1,)/(NC=1,)
3 CONTINUE

c
CeveasoREAD GEOMETRY DATA
READ (5+ INPUTS)
WRITE(6+ INPUTS)
PI = 4,0 ¢ ATAN(]1,.0)
CONVR=180,/P1
ATWOs=0,
MP2aMC+2
MP1=MCel
DO 10 M=2,MP]
PHIL (M) =PHI (M=1)
10 CONTINUE
PHIL(1)=PHI())
PHIL (MP2) sPNH] (MC)
IF(ABS (PH]0=-2°P) ,GT+1.E~-06)G0 TO 11
PHIL (1) ==PHI (2)
PHIL (MP2)=2,9P]
1) CONTINUE
CooeesCOMPUTE REFERENCE AREA
DO 4 M = 1y MC
IMl = o
IMC = 2
ATHO = ATWO ¢ 0,25 ® (PHIL(Me¢IMC)=PHIL (M=IM1)) ® R()sMI®R(] M)
4 CONTINVE
ATHO = ATWO ® 2,0 » PI / PHIO
2 CONTINUE
1F (AREF .EQ.0.,0) AREF3ATWO
Coeeos CALCULATE CONSTANTS
GX=GAMMA
NCM1=aNC=~]
RAD=P1/180,
ALPHA=ATTACK®RAD
S4=SIN(ALPHA)
VINF=SQRT (GAMMA®P INF/DINF ) ®ACH
YAWR = YAW ® RAD
WINF = VINF @ COS(YAWR) ® COS(ALPHA)
VIINF = VINF ® COS(YAWR) ® S&
V2INF = =VINF ® SIN(YAWR)
PTINF = PINFO*(1,0 +(QAMMA=1,0) / 2,0 ® ACH#®2,0) ®e¢ (GAMMA/
1  (GAMMA=~],.0))
HOSGAMMA®P INF/ ( (GAMMA=]1,)SDINF) ovINFOe2/2,
CALL RGAS(PINFDINFsSINF)
CeooeosPRINT FREE STREAM CONDITIONS
WMRITE(6+5000) ACHsATTACK s YAWsVINF oPINFoDINF HO9SINF PTINF
5000 FORMAT (1H]1+5Xs38HO#esses FREE STREAM CONDITIONS escssese,y
1015X ¢ 1S5HMACH NUMBER 2Fl5.7e/
2915X9 1SHANGLE OF ATTACKF1S5.74/

3¢15X9 1SHYAN ANGLE oFlSeTe/
415X ISHVINF WF15.79/
5015X9 15HP INF F15.T0/
6015X9 1SHOINF oF1S.Ty/
Te15Xs 15HM0 oF15.70/
B8+15Xs 1SHSINF oF1lS5.Te/
915Xy 1SHPTINF 2F15.79/77)

CevseosPROBLEM SET UP
WRITE(6+5001)NCyMC, IBODY,0DZ, ICOWL
WRITE(6+5003) (NeRCLUST(N) sNx=14NC)

5003 FORMAT (6Xe27TNOPeamee CLUSTERING #eovencne,/
1 6XelHNsTXy JONCLUSTERING/
2 (2X915+F15,7))
WRITE(6+45005)

$005 FORMAT(///)

5001 FORMAT(1MOySXeIONHOs0eone PROBLEM SET UP eceseee,/

1 »15X9s ISHNC 2 1Se/

2 +15Xs1SHMC 24174

3 215X+ 1SHIBOOY oIS/

3 »15Xs15M0D2 oF10.54/
4 915X 1SHICOWL oISes71)
HOT232,%H0

El = PINF / DINF / WINF
€3 = 0,5 ® DINF & VINFeVINF ® AREF
CosossMAKE NEW GEOMETRY AXISYMETRIC IF ONLY ONE VALUE IS GIVEN
DO 6 M=2¢MC
IF (CNEW(M) .GT,0.)60 TO 7
CNEW (M) =CNEW (M=)
CINEW (M) sCINEW (M=1)

COWLINT
COWLINTY
COWL INT
COWL INT
COWL INT
COWLINT
COWLINTY
COWL INT
COWLINT
COWL INT
COWL INT
COWL INT
COWLINT
COWL INT
CONLINT
COWL INT
COMLINT
COWL INT
COWL INT
COML INT
COWL INT
COWLINY
COWLINT
COWL INT
COWLINT
COWLINT
CONLINT
COWLINT
COWL INT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWL INT
COWL INT
COWL INT
COWLINT
COWL INT
COWLINT
COWLINT
COWL INT
COWLINT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
CONLINT
CONEL INT
COWL INT
COWL INT
COWLINT
COWL INT
COWLINT
COWLINT
COWL INT
COWL INT
COWL INT
COWLINT
COWL INT
COWLINT
COWL INT
COWL INT
COWLINT
COWLINT
COWLINT
COVWLINT
COWLINT
COWL INT
COWLINT
COWLINT
COWLIN
COWL INT
COWL INT
COWLINT
COWL INT
COWLINT
COWL INT
COWL INT
COWLINT
COWL INT

15¢

POV

ol
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CPHNEV (M) aCPHNEW (M=~])
7 CONT INUE
IF (BNEW (M) +6T.0,)60 TO 6
BNEW (M) =BNEW (M=) )
BINEW (M) =BZNEW (M=1)
BPHNEW (M) xBPHNEYW (N=1)
6 CONT INUE
CosseasesUSE TAPE READ GEOMETRY IF NO VALUE IS GIVEN
DO 8 M=l MC
IF (BNEW(M) LT40,)BNEW (M) =R (] sM)
IF (CNEW (M) .6T.0,160 TO @
CNEw (M) =C (M)
CZNEW (M) =CZ (M)
CPHNEW (M) sCPHI (M)
8 CONTINUE
MRITE(6+5002) (MsBNEW (M) oBZNEW (M) s BPHNEW (M) yCNEW (M) »
) CINEWIM) o CPHNEW (M) yMx] s MC)
5002 FORMAT (®09,5Xs29H0e0eeed CONL GEOMETRY oeeeess,/

1 SXelHMe12Xo1MB913IXs2HBZ o 11X oAHBPHI 91 4Xe 1HCe 13X+ 2HCT 011 X e 4HCPHT/

2 (® ®4]54,6F15.7))
CeoeesPRINT ORIGINAL FLOW FIELD
IF (IPRINTGT,1I)WRITE (645006)
5006 FORMAT(1H1+10Xs19NORIGINAL FLOW FIELD)
IF(IPRINT 6T, 1) CALL OUTPUT (ACHoATTACKoYAN)
C

c
CeveeoPRE-COWL FLOW FIELDes SHOCK IS OUTER BOUNDRY
c

DO 31 M = 1, MC
Ino = )
IMC = 2
IFLAG = 0
CeoooneasLOCAL VALUES ARE CALCULATED
CoveoneceoSOME ARE AREA WEIGBHTED AND SUMMED
DO 30 N = 1,4 NC
AX = SQRT(GX®P (NyM)/D(N.M))
AMACH = SQRT(U(NeMI®®2,0 o V(NeM)I®S2,0 o W(NIN)®#2,0) /74K
PTR(NsM) = P(NoeM) © (1,0 o (GAMMA-1,0)/2.0 ®
ANACH®®2,0) o0 (GANMA/ {GAMMA=],0))
INL = 1
INC = ]
IF (N .€Q, 1) IN1 = 0
IF (N ,EQ, NC) INC = 0
Covecsoosnsaes WEIGHTING AREA FOR LOCAL POINT WITH ADJUSTMENTS
c....'......'.ro“ FIELD EDGES
AREA = 0,25 & (PHIL(MeIMC)=PHIL(M=IM1)) ® ((0.52(R(NsM)¢
| R(NCINCoM) ) )082,0 = (0.5 (RIN=INIIN)*R(NsM)))*92,0)
AREAT = AREAT ¢ AREA
E2 = D(NyM) @ W(NeM) ® AREA
V]l = =U(NsM) @ COS(PHI(M)) o VINyM) @ SIN(PHI(M))
V2 = U(NyM) ® SINIPHI(M)) o V(NsM) @ COSIPHI(M))
FADOAT = FADDAT o ((WINF=N(N¢M)) o E]} = P(NoM)/DINsN)
1 /u{N¢M)) ® F2
FAODNY = FADONT « (V]1INF=V]) ® E2
FAODYT = FADDYT ¢ (V2INF=V2) ® {2
PTIRTOT = PTRTOT ¢ PTR(NsM) ¢ AREA
IF (R(NeM) LE.CNEW(M))BO TO 29
Coooe s ELEMENT INTERSECTED BY COWL
IF (N ,€EQ. 1) 6O TO 29
CovseosoeeesCONDITION WHEN INSIOE SPILLAGE REGION
CososssceonneeeBUYT NOT IN COwL VICINITY
IF (IFLAG ,EOQ., }) 60 TD 28
CoosocscoseesSPILLAGE MOMENTUM ADDIVION (¢ OR = DEPENDING ON WMICH
eseoLOCAL POINT AREA THE CONL IS IN)
AREAB = 0,25 ® (PHIL (Mo IMC)=PHIL (M=IML)) ® ((0.5%(R(NyM)e
1 R(N=1eM}))002,0 ~ CNEW(M)®e2,0)
N = N
IF (0.S5%(NINsM)oR(N=1sM)) ,GT. CNEW(M)) NB = N = ]
€2 = DINBoM) ® W(NBsM) ® AREAB
V] & =U(NBsM) ¢ COSIPHI(M)) o V(NBsM) ® SINI{PHI(M))
V2 = U(NBoM) ® SIN(PHI(M)) o VI(NBoM) ® COS(PHI(M))
FADDA = FADDA ¢ ((MINF~W(NByM)) ¢ EL « P(NBM)/D(NBM)
1 /W (NRIM)) & E2
FAOON = FADDN ¢ (V1INF~v]) @ E2
FADDY = FADDY + (V2INF-v2) & E2
SUMINM = SUMINM = DI(NBsM) ® W(NB,M) & AREAB
PYRINL = PTRINL = PTR(NByM) * AREAS
AINL = AINL = AREAB
IFLAG = )
CovescocvaeeWHOLE LOCAL AREA MOMENTUM IS SUMMED
CeeoseesOUTSIDE COWL
28 CONTINUE

o~
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COWL INT
COwL INT
COWL INT
COWL INT
COwWL INT
COWL INT
COwL INY
COWL INY
COWL INT
COWL INT
COWL INT
COwL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWLINT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INY
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWLINT
COML INT
COVWLINT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INT
COWLINT
COWLINT
COWL INT
COML INT
COWL ENT
COWL INT
COWL INT
COWLINT
COWLINT
COWLINT
COWL INY
COVLINT
COWL INT
COWLINT
COWL INT
COWL INT
COWLINT
COWL INT
COWL INT
COWLINY
COuWL INT
COWL INT
COWL INT
COWLINT
COWLEINT
COWL INT
COWLINT
COWL INT
COWL INT
COWL INY
COWLINT
COWL INT
COWL INT
COWL INT
COWL INT
COWLINT
COWL INT
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€2 = D(NJN) ® W(NoM) ® AREA

V1 & =U(NeM) ® COSIPHI(M)) o VIN,M) & SIN(PHI(M))

V2 = U(NeM) ® SINI(PNI(M)) ¢ VINsM) ® COS(PHI(M))

FADDA = FADDA ¢ ((WINF=W(NoM)) ¢ El = P(NsM)/D(NsMN)
1 JM({NeM)) & E2

FAODN = FADDN ¢ (V)INF-V]) & E2

FADDY = FADDY « (V2INF-V2) ® E2

60 TO 30
Coeees INSIDE COWL
29 SUMINM = SUNMINM o D(NoM) ® W(NyM) ® AREA

PTRINL = PTRINL o PTR(NeM) ® AREA
AINL = AINL ¢ AREA
30 CONT INUE
IF(R(NCoM) 46T ,CNEW(M))IGO TO 3)
CaeeseSHOCK INSIDE COWL
AREA=, 250 (PHIL (Mo IMC) =PHIL (M=IM1) )@ (CNEW (M) #82-R (NCoM) ®#2)
SUMINMSSUMINMeDINF oy INFOAREA
PTRINL=PTRINL +PTINFAREA
AINL=AINL*AREA
31 CONTINUE
Ceeseoo TOTAL FORCES
FADOAT=FADDAT®2,*P1/PHIO
FADONT=2FADONT®2,#P1/PHIO
IF (ABS (PHI0=-2.%P]) ,6T,1,E=-06)FADDYT=0Q,
IF (ABS((PHIO=PI)®(PH]O0=~2,%P1)) .GT,1.E~06)FADDNT=Q,
FAA=FASATWOSP INF
ERRA= (FADDAT=FAA) /FAA®100.
ERRN= (FADDNT=FN) /SIGN(AMAX] (ABS(FN) 91 .E=08) oFN)®100.
ERRY= (FADDYT=FY}/SIGN(AMAX]L (ABS(FY)s1.E=08)+FY)*100,
Coseee INDUCED DRAG
FADDA=FADDA®2,#P1/ (PMIO®ED)
FADDN=FADDN®2,*P1/ (PMIO®E3)
FADDY=FADDY/E3
IF (ABS (PNIO=2,2P]) ¢67,1,E~06)FADDY=0,
1F (ABS ({ (PHIO=PI)®(PHIO0=2,%P1)) ¢GTo1+E=06) FADDON=O,
Cesoes TOTAL PRESSURE RECOVERY DATA PRINTED
PR = PTRTOT / AREAT
PRINL = PTRINL 7/ AINL
AREAT=AREAT®2,*PI/PHIO
AINL=AINL®2,P1/PNHIO
SUMINM=SUMINME2 ,#PI/PNH]O
WRITE (642000}
2000 FORMAT (34H1INLET PLANE FLOW FIELD PARAMETERS)
PRINLN=PRINL/PTINF
PRR=PR/PT INF
WRITE(692010)PRRyPRINLRyAREAT 9 AINL » SUMINMoFADDAERRA»
1 FADDNLERRN+FADDY +ERRY ¢ AREF

2010 FORMAT(1HO 910X ¢44HSHOCK LAYER AVERAGE PRESSURE RECOVERY RATIO .
1 F15.7¢/0
1 10X+45H INLET AVERAGE PRESSURE RECOVERY RAT]O F15,70/0
H 10X945H SHOCK LAYER CROSSECTIONAL AREA F15,7e/0
3 10X945H INLET ENTRANCE CROSSECTIONAL AREA F1S5.Te/
4 10X+45H MASS CAPTURED BY THE INLET oF1S5.7e/0
) 10X:45H4 ADDATIVE AXIAL FORCE COEFFICIENT oF15.,7s
4 4Xe294 TOTAL ORAG ERROR sFl0,404MH 0700/
S J0X+45H ADDATIVE NORMAL FORCE COEFFICIENT oF15,7
S 4Re294 TOTAL NORMAL FORCE ERROR Fl0,404H 0700/
6 10X+45H ADOATIVE YAW FORCE COEFFICIENT oF15,7
6 4Xe29M TOTAL YAW FORCE ERROR oF10,004H 0700/
7 10X¢45H REFERENCE AREA oF15,7/1M1)

DO 45 M=) ,MC

CevecsecosFREE STREAM FLOW FIELO VALUES ASSIGNED BEYOND SHOCK
ROLD(MC*1) %2, ®R(NCoM) =R (NCM] s M)
S1=SINI(PHI (N}
C1=aCOoS(PHI(M))
DUMP (NCe 1) sPINF
OUMD (NCe 1) =sDINF
DUMU (NCel)a=VINFeSseC]
DUMVY (NCe ) ) sVINFeSeeS)
QUMW (NC+ 1) =SORT (VINFOVINF=DUMU(NC*])®®2=-DUMV (NCe]) ®02)
00 50 N®]),NC
CevvscocoseoPRE-COWL FLOW FIELD STORED
ROLD (N) SR (NyM)
DUMP (N) 8P (NoM)
DUMD (N) 8D (Noem)
DUMU (N) =y (NoM)
DUMY (N) sV (Ns#)
DUMY (N) = (Ny)
CescososoesoNEW COMPUTATIONAL GRID INSIDE COwL
R(NeM) & BNEW(M) o (CNEW(M)=BNEW(M)) ® RCLUST(N)
Se CONT INUE

COWL INT
COMLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWL INT
COWL INT
COMLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINT
COWLINY
COWLINT
COWLINT
COML INT
COWL INT
COWLINT
COWLINT
COWLINT
COWL INT
COWLINT
COWLINT
COWL INT
COWLINT
COWL INT
COWLINT
COWL INT
COMLINY
COWL INT
COWLINT
COWL INT
COWLINT
COWLINT
COWLINT
COWL INT
COWLINT
COWLINT
COWLINT
COWL INT
COWLINT
COWLINT
COWL INT
COWL INT
CONLINT
COWLINT
COWL INY
COWLINT
COWLINT
COWL INT
COWLINT
COWLINT
COWLINT
COWLINT
COWL INT
COWLINT
COWLINT
COWLINT
COWL INT
COMLINT
COWL INT
COWLINT
COWL INT
COWLINT
COWL INT
COWL INT
COWLINT
COWL INT
COWL INT
COWL INT
cowL INT
COWLINT

240
281
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
2re
213
274
2715
276
277
278
2719
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295

297
298
299
300
301
302
303
304
308
306
307
308
309
alo
31
312
k%
314
315

nvy
3le

320

B . 1 S X
ST NSRRI

™~
et



330

335

340

345

350

35S

360

365

70

rs

380

ss

390

398

400

408

NSWC TR 83-428

00 66 N=]lyNC
% 6STJ;I;NC F R(NsM) 1S INSIDE OLD SHOCK
eesseoDETE MINE 1 (NeN)
Coaseeese IF (R (NoM) =ROLD (J) ) ® (R (NyM) =ROLD (J¢1) 1 067404160 TO 65
Jd=J
GO TO 70
65 CONT INUE
Cesecosscass OUTSIOE OLD SHOCK, FREE STREAM (F) VALUES GIVEN TO RiNs W)
P(NsM) =PINF
D(NsM) =DINF
U{NsM)==VINFOSASC]
V{NsM)aVINF®S5495]
W{NsM) 2SQRT (VINFRVYINF=U(NoM) #02=y (NoM) #€2)
GO T0 60
70 CONT INUE
Ceosossssvee INSIOE OLO SHOCK, INTERPOLATED (]) VALUES GIVEN TO R(NsN)
JulsdJdel
Fhéllﬂ(uoﬂ)‘ROLD(JJ))/(ROLD(JJI)-ROLD(JJD)
U(NsM) sDUMU (JJ) ¢ (DUMU (JJ)) =DUMU ( JJ) ) sFAC
V (N M) SDUMY (JJ) ¢ (DUMY (JJS] ) =DUMV (JJ) ) oFAC
P (NsM) SDUMP (JJ) ¢ (DUMP (JJ1) =DUMP (JJ) ) #FAC
D{NoM) sDUMD (JJ) ¢ (DUMD (JJ] ) =DUMD ( JJ) ) oFAC
WINsM)#SART (HOT2~P (NyM) ®GAMMA®2,/ ( (GAMMA=]1,) ®D(NM))
1 ~U(NsM) 882y (NyN)®e2)
60 CONTINUE
IF(IBODY.EQ,0)60 TO 41
CoosnseeeBODY JUMP (VALID ONLY FOR AN UNSWEPT LEADEING EOGE)
BZO=(U()sM) =V {1sM)*BPHNEW (M) /BNEW (M) ) /¥ (1 9M)
DELBZ=8BZ0-8ZNEW (M)
SIDE=ASIN(1.7ACH)
JF (ABS(DELB2) oLE,1.E~06)60 YO 43
DELBP=D.
SIDE = 1.
CALL JUMPSY (DELBPsDELBZoMs ) o BNEW (M) BINEW (M) sBPHNEW (M) »SIDE)
UtlsM) = SIGN (U(leMls BINEMW(M))
IF(1B0DY.£Q.1)60 TO 4}
Cevocoosscans s UNIFORM FLOW FROM BODY TO SHOCK
43 CONTINUE
CINEW (M) =TAN(SIDE*ATAN(BZNEW (M) })
CNEW (M) sBNEW (M) «+DDZ® (CZNEW (M) ~BZNEW (M} )
CPHNEW (M) sBPHNEW (M)
I=2+0D2
ICOwL=0
DO 42 Nx2,NC
R(NoM)=BNEW (M) ¢ {CNEW (M) ~BNEW (M) ) *RCLUST (N)
U(NsM)=U(]1eM)
VINMISY(]loM)
WM(NgMIZVW (] oM)
P(NyM) =P (] M)
O(NsM) =D (oM}
42 CONTINUE
4] CONT INUVE
IF (ICOWL +€Q, 1) GO TO &4
CeseceeesCOMPUTE CZ FOR MACH ZONE
IF (ICOWL.EQ.2)
1 CINEW (M) = (UINCyM)=CPHNEW (M) Y (NCoM) /CNEW (M)
*SQART (GAMMA®P (NCoM) /O (NCoM) ) ) /W (NCo M)
60 TO o5
4 CONTINVE
CooasneseCONL JUMP(VALID ONLY FOR UNSWEPT LEADING EDGE)
BZO= (U(NCoM) =V (NCoM) *CPHNEW (M) /CNEW (M) ) /W INCoM)
DELBZ=BZ0-CZNEW (M)
IF (ABS(DELBZ) LE.1.E~6)60 TO 48
OELBP=O,
S10€=~1,
CALL JUMPST (DELBP ¢DELBZ¢MoNCoCNEW (M) o CINEN (M) s CPHNEY (M) 9 SIDE)
U(NCoM) = SIGN (U(NCoeM)o CINEW(M))
45 CONTINUE
WRITE(IINCoMCoATTACK s YAWSACH)GAMMAGPINF ¢OINFoPHIOIKo2
1 oFNoFYoFAGMA oMY sMZeFNZoFYZoFAZoMXZoMYZoMN22
2 o (PHI (M) oCNEW (M) CZNEW (M) ¢ CPHNEW (M) gMm ] g MC)
3 o CCR(NM) QU INIM) oV INGM) oM INyM) oP(NoM) 9D (NoM) oMu] yMC) oNu] 9NC)
CoveeoPRINT FINAL FLOW FIELD DATA
WRITE(695007)
5007 FORMAT(1H1+10Ke16NFINAL FLOW FIELD)
IF (IPRINT.GT.0)CALL OQUTPUT (ACHMJATTACK,YAW)
STOPY PROGRAM START®
1000 CONTINUE
STOP® TAPE READIN ERROR™
END

COML INY
COWL INY
COwL INY
COWL INY
COwL INT
CONL INY
COWL INY
COMLINY
COWL 1KY
COVWL INT
COWLINT
COWLINY
COWL INT
COWL INTY
COWL INT
COWL INT
COWLINT
COWL INT
COWL INT
COWL INT
COWL INY
COWLINTY
COWL INT
COWL INY
COWL INT
COuWL INT
COWL INT
COVWL INT
COwL INT
COWL INTY
COWL INT
COWLINT
COML INT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INTY
COWL INT
COwWL INT
COW( INT
COWLINT
COWL INT
COWL INT
COWL INT
COWL INT
COWL INY
COWL INT
COWL INY
COWL INT
COWL INT
COWLINT
COWLINT
COWL INT
COvL INT
COWL INT
COWL INT
COWL INT
COWL INT
COML INT
COWL INT
COWL INY
COwL INT
COWL INT
COWL INT
COwWL INT
COWL INT
COWLINT
COWL INT
COWL INT
COWL INT
COWLINT
COWL INY
COWL INT
COmWL INT
COML INT
COWL INT
COWL INY
COWL INT
COWL INT

21

335
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. 1 SUBROUTINE OUTPUT (ACHoATTACK s YAW) oUTPUT 2
‘ COMMON NCoMC oKy IPRINToPINF oD INF oPHIOSPIyRADeZsBZZ1GAMMAINOT2 ¢ BMAX s COMST 2
151952¢C19C2+CONVRsPTINF COMST 3
- 1 C(100)5CZ(100)¢CPHI(100)+sR(259100)+D(255100)sP (2551000 +U(25010070» COMST 4
- 5 1 V(25+100)W(25,100) ¢PHI(1200) coMsT 5
- 2 +BNEW(100) »CNEW (100) ¢ DUMV (26) » DUMP (26) » DUMU (26) s DUMN (26 » DUMD (26) COMST 6
} 3 +BZNEW(100) ¢BPHNEW (100) +CZNEW (100) + CPHNEW (100) +ROLO (26) COMST b
- 4 +PTR(25,100) sRCLUST (100) +PHIL (102) COmST s
- COMMON/RGASS/AX s HX s GX RGASS 2
- 10 WRITE (6430000 ACHoATTACK,YAW ouUTPUT 5
3000 FORMAT(®* MACH NO IS®elPE15.7+5Xs*ANGLE OF ATTACK IS®,1PE1S.7+5Xs  OUTPUT 6
1 * ANGLE OF SIDESLIP IS®,1PE}S5.7) OUTRUT 7
b DO 100 M=],MC OUTPUT 8
‘., PHID=PHI (M) *CONVR ouTPUT 9
' 15 WRITE (643010) MyPHID OUTPUT 10
P 3010 FORMAT (#0PLANE®I4®  ANGLE [S®F7,2% DEGREES®) OUTPUT 11
WRITE (6+3600) KsZyBNEN (M) sBZNEW (M) ,BPHNEW (M) s CNEW (M) » OUTPUT 12
1 CZNEW (M) y CPHNEW (M) ouTPUT 13
3600 FORMAT (/% STATION®ISy4X®Z IS®IPELIS.T¢4XeB [S®IPEL1S.T44X%BZ IS* OUTPUT 14
20 1 JPE1S,TvaX®BPHI IS®IPELIS.T7/7X%C IS®IPELS.Te4XeC2 IS®IPELS.Ts OUTPUT 15
1 4Xo#CPHI IS®1PELS.7) OUTPUT 16
WRITE (6+3700) OUTPUT 17
3700 FORMAT (/TX®R®12XON®]2XSUS)2XOVE12XePS] OXePT/PTOSGXORHO®) L Xy ouTPUT 18
1 #S8,12X, M) oUTPUT 19
25 DO 90 N=)yNC . OUTPUT 20
LENC=Ne+] OUTPUT 21
IF(P(LoM) .6T,0.+AND.D(L¢M)6T.0.) 60 TO 80 OUTPUT 22
AMACH=SX=X INOEF ouUTPUT 23
GO TO 85 QUTPYT 24
30 a0 CALL RGAS (P (L oM) +D (L 9M) sSX) oUTPUT 25
AMACHZSQRT (U (L eM) @220V (L yM) #0201 (L s M) #82) /AX OUTPUT 26
85 CONT INVE ouTPUT 21
PTRLEP (LoM)® (), +,58 (GAMMA=],) SAMACH®®2) 84 (GAMMA/ (GAMMA=1.) ) /PTINF QUTPUT F1
WRITE (6¢3400) R{LoM) oML oM)oUCLoM) oV ILOM) 9P (LoM)oPTRL, OUTPUT 29
3s 1 D(LsM) »SXo AMACH ouTPUT 30
3400 FORMAT (1P9E13,4) oUTPUT 31
90 CONTINUE OuTPUT 32
100 CONTINUE ouTPUT 33
RETURN OUTPUT 3e
+0 END ouTPUT as
. 1 SUBROUTINE RGAS (PXyRXeSX) PGAS 2
3 COMMON/RGASS/AX yHX 4 GX RGASS 2
C SHORTENED VERSION OF RGAS TO COMPUTE ONLY PERFECT GAS PROPERTIES PGAS 4
c PX=PRESSURE RX=DENSITY SX=ENTROPY PGAS 5
s c HX=ENTHALPY AX=SOUND SPEED PGAS 6
SX = ALOG(PX) = GX ® ALOG(RX) PGAS 7
HXSPX/RX® (1,41./(6X=1.)) PGAS 8
AX=SQRT (GX®PX/RX) PGAS )
, RETURN PGAS 10
. 10 END PGAS 11
y 1 JUMPST 2
SUBROUTINE JUMPST (DBP +DBZsMByNNsRRyETAP»SIP+POM) JUMPST 3
c JUMPST COMPUTES JUMPS CORRESPONOING TO DISCONTINVIVIES IN B2 JUMPST .
c AND/OR BPHI FOR PERFECT GAS ONLY. JUMPST [
s c JUMPST 6
i COMMON NCoMC oKy IPRINT sPINF yDINF sPHIOsP T oRAD» Z9BZ2 s GAMMASHOT24BMAXs COMST 2
_ 1S1452+C1+C29CONVRyPTINF COMST 3
_ 1 C{100)+CZ(100)sCPHI{100)sR(254100)+s0(25+100)sP(25+100)sU(255100)s COMST .
i )} V(2551000 oW (25+100) sPH1{100) COMST s
10 2 +BNEW(100) sCNEW (100) sDUMV (26) yDUMP {26) yDUMU (26) + DUMW (26) 4 DUMD (261 COMST 6
. 3 +BZNEM(100) «BPHNEW (100) «CZNEW (100) » CPHNEW (100) sROLD (26) consT T
& JPTR(25,100) ¢RCLUST(100) +PHIL(102) COMST 8 .
COMMON/RGASS/AX o HX ¢ BX RGASS 2 (]
DATA (INTs)8) JUMPST 9 -3
[ 15 VW = V(NN,MB) JUMPST 10 By
b P¥ = PINN¢NB) JUMPST 11 s
5 OW = DiNN,MB) JUMPST 12 L 9
MW = M (NNJMB) JUMPST 13 S
3 UNU (NN, MB) JUMPST 1e R
20 CALL RGAS (Pu+DWoSH) JUMPST 15 T
ASQUEAX®AX JUMPST 16 T
PHID=PHI (MB) /RAD JUMPST 17
IF (IPRINT . EQ.JIWRITE (643100) NNs PHID, Ko 2 JUKPST 18 | S
: 3100 FORMAT (1HOs®JUMP IS CALLED FOR AT RADIAL POINT®,14¢5X, JUMPST 19
3 2s 1 OPMI IS®FT,205Ke9K 1S0,1445Ks02 ISe41PELS.6) JUMPST 20 -
g IF (IPRINT EQ.IIWAITE (6+3110) JUMPST 21 -
3 3110 FORMAT (LM +30X,*THE INPUT VARIABLES ARE AS FOLLOWS®) JUMPST 22 oo
s IF (IPRINT .EQ.3)WRITE (6431200 PWeDWoUW, VoWl s SH9ASQY JUMPST 23 S0
A-6 ’ 1
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.\

5 THETAR=ACOS (XNMP/ (XNPOXNM) )
CONST=HOT2=-QTve2 -
Q5Q=QSMee? .
THETARSACOS (ABS (XNMP/ (XNPSXNM) ))
THETAD=THETAR/RAD
AMACH=SQRT (QSQ/ASGW)
IF (AMMSQ ,GE. 1.,0) GO TO 10
ove SUBSONIC CORNER FLOW (NO JUMPS IN PsD+S»QSQ) LA A
QSP=QSM
60 TO 110
10 IF (QSMePOM ,LT. 0,) 60 TO 20
ase SUPERSONIC EXPANSION CORNER s
IF(IPRINT.EQ.IVWRITE (6+3140)
3140 FORMAT(1H 920X, *SUPERSONIC EXPANSION CORNER WHERES®)
IF(IPRINT.€Q.3)WRITE (6+3150) THETADsAMACH,QT+QSH
3150 FORMAT (1M 922HTHETAsAMACHQT+QSH v1PAELS.S5)
CALL RGAS (PW40W:DUMNY)
ANGSASIN (] ./7AMACH)
VPOVR=SQRT (ASQW/ (CONST=2,oHA=ASON))
DEL=THETAR/FLOAT (INT)
DO 15 I=lsINT
CC=0,
PHO=PY
DWO=DW
17 DPDAL=-DW*QSQ®VPOVR
DDOAL=DPDAL/ASQW
CD=CCel.
Pu= (PWO+PWeCC+DEL®DPDAL ) /CD
DW= (DWO+DW*CC+DEL*DDDAL ) /CO
CALL RGAS (PWsDWoDUMNMY)
QSQ=CONST~2.%HX
ASQUSAX®AX
VPOVR=]1,/SART (QSQ/ASQAW~1,.0)
CC=CD
IF (CC JLTs 145) 60 TO 17
15 CONTINUE
QSP=SART (QSQ)
60 T0 100
one SUPERSONIC COMPRESS1ON CORNER ase
20 COSTH2= (XNMP/ (XNPEXNM) ) ¢e2
IF(IPRINT.EQ.3)WRITE (6+3160)
3160 FORMAT (1M +20X+*SUPERSONIC COMPRESSION CORNER WHERE®)
IF(IPRINTLEQ.IIWRITE (6+3150) THETADAMACH,QT,0SM
(YY) (PERFECT 6AS OBLIQUE SMOCK RELATIONS) hadd
SINTH2=] ,-COSTH2
AMASAMNSQe®2
AM22AMMSQ
Clz=((AM202,) /AM2¢+GAMMASSINTH2)
C32=COSTH2/AMS

C28(2.9AM2¢10) 7AHG (259 (GAMMA®] ) @220 (GAMMA=].) /AM2) *SINTH2

DUMM=Cl/3.
Az=C2+DUMNSC]
SB82C3=(C2-2.9C1982/9,) #DUMN
DOUMaSQRT (A/3.)
ODUM1 =2, *DDUM
TEST==,5258/ (DDUM®#e]3)
IF (TEST +GEs ~140) GO TO 25
IF (IPRINT.EQ.IIWRITE (6+3165)
3165 FORMAT(1H 20X+ ®NORMAL SHOCK MODE 1S USED®*)
PWO=PW
TeaAM2
GO TO 45
2% XX=ACOS(TEST)/3.
X1=C0S (XX)
X22COS (XX*2.,2P1/3.)
X3=COS (XX+4,.9P1/3,)
IF (X1 ,LT. X2) 60 TO 30
XDuMsx1
X1aX2
X2aXDUM
30 IF (X1 ,LE, X3) 60 TO 3%
SX=X1
60 TO 40
3% IF (X3 .LE. X%2) X2=X3
SXaX2
40 SINTH2sDDUM] ®SX=-DUMM
ANG=ASIN (SORT (SINTMH2))
ToAM2*SINTH2
1IF (IPRINT.EQ,3)WRITE (6 + 4007) SINTH2
4007 FORMAT (10Xe ® SINTH2 = @, lPE25,.14)
45 GA252.%GAMMA/ (GAMMA-1,)
6D= (BAMMA=1,)/2.
6E=60+1,

JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUNPST
JUNPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMRST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMRST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST

113
114

130
131

135
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160

165

75

100
110

3170
1
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69=6E/6D

PYsPHe ((GA20T~1,)/69)

DW=DW® (T/(T/69+1,/GE))

QSPEQSMOSORT (1 ,=(T=],0) 8 (GAMNA®TS]1,)/ (TOAMReGES*2))
CALL RGAS (PWyDVW+SW)

ASQUSAX®AX

IF (TEST .6E. =1.0) 60 TO 100
CONST=ASQN/ (BAMMA=],0) ¢ ,5°QSPee2
PHsPYeSINTHZ

IF (P¥ .67, PNO) 60 TO 7S

PU=PYO

CALL RGAS (PW,0DVW,S¥W)

ASQuzAX®AX

OSP==S0RT {2,® (CONST~HNX))

D(NNsMB) =DV

P INNJMB) oPW

AAL=QT/XT

AA2=QSPOPOM/ (DUNSXNP)

VINNsMB) SAA2® (XNP20S IM=XNMP*SIP) =AA)®DBZ
U(NNoMB) =ABS (AAL®XT20AA2% (XNMP=XNP2))

o (NNoMB) sARS (AA1 SDBP ¢ AA2® (XNP2OETAM=XNMP2ETAPR) )
IF(IPRINTEQ.IIWRITE (6+3170)

FORMAT (1H +30X¢*THE OUTPUT VARIABLES ARE AS FOLLOWS®)
IFCIPRINTLEQ,I)WRITE (093120)PWoDWoU(NNsMB) sV INNIMB) oW (NNoMB) o Siy

ASUw
POM=zANG
RETURN
END

JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUNPST
JUMPST
JUMPST
JUNPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUNPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST
JUMPST

136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

154
155
156
157
158
159
160

16l

102
163
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APPENDIX B. LISTING OF SWINT CHANGES
The modifications extending SWINT to handle inlets are given in CDC update

form in this section. The listing contains directive cards *DELETE, *INSERT

and *BEFORE which describe where changes are to be inserted. The directive cards
identify cards in SWINT using the right hand column designators provided in
Appendix B of Reference 2. The directive cards are interpreted as follows:

1. *DELETE DECK.n,DECK2Z.m . The cards in SWINT located between and including
DECK.n and DECK2.m are deleted. The cards in the update listing occurring between
this *DELETE card and the next directive card are inserted in place of the
deleted cards.

2. *INSERT DECK.m . The cards in the update listing lying between this
*INSERT card and the next directive are inserted following the card in the SWINT
deck with identifier DECK.m .

3. *BEFORE DECK.n . The cards in the update listing lying between this
*BEFORE card and the next directive are inserted before the card in SWINT with
the identifier DECK.n .

The listing provided in this section also contains *CALL NAME and *DECK cards.
At the location in SWINT where *CALL NAME is added, the labeled common NAME
should appear. *DECK cards can be disregarded.

The update listing contains the three new subroutines COWL,COWLP and WALL2.
The functions of these subroutines are analogous to those of BODY,BODYP and WALL,

but apply to the cowl surface rather than the inner body surface.
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S1DENT COWLADD

®1 CCONST.S

*CONMRECK CCOwL

COMMON /CCONL/
Ci25) e CO(2S)e CPHI(25)s CPHIO(25)y CPHPHI(25)s CPHPHO(25),
CZ(2S)s CZOL25)s CZPHI(25)¢ CZPNIO(25)s CZZ(25)s CZZ0(25),
C2M(25)e CIN(25) 9 CAM(25)s CS5M(25), CTM(25) s ICOWL,
I1COWOPTy IJMPKTC(25) 9 IJUMPC(2S)s I1JUMPICI(25),
PZCORC(25) s SC(25)
C3{3)s C413)s CS(3)ys CT(I)W
PCY(3)y SCY(3)s VOCY(3I)s V2C(D)

~O VSN

c
*DELETE CSWINT.s
2 ASQ(20+25)s DET(20+25),
®INSERT COOPT.5
. s JSWMODCs 1SWSMOCs MODIC
*D) SWINT,3
3 TAPEI=S12y TAPESs TAPELGy TAPEL17=512¢ TAPE20, TAPE22%512
2 o TAPE23+s TAPE24)
SINSERT SWINT.10
*CALL CcOowL
S INSERT SWINT,.3)
IF (ICOWL <EQ. 1) CALL COWL (-1)
SINSERT SWINT,.82
IF (ICOWL +EQ. 1) CALL WALL2 (0s My MPy MMy KNy
H CUP(1eNCoM) 9 CUP(29NCoM) 9 CUP(3sNCoM))
®INSERT SwINT,.92
1F (ICowL .EQ, 1) 60 TO 10
SINSERT SWINT,.108
IF (ICOWL .EQ. 1) CALL COwL (0)
SINSERT SWINT,.110
IF (1CQuWL .EQ, 1) GO TO 60
®INSERT SWINT,.163
IF (ICOWL .EQ., 0) GO TO 56
Coeesa s ADVANCE COWL POINT,
CALL WALL2 (19 Mo MP, MMy KNo P25, SZSs V2S)
CUCLINCoM) = 0,5 ® (CU(LyNCosM) ¢ CUP(14NCyM) ¢ DZ ® P2S)
CUL29NCoM) = 0.5 ® (CUI24NCeM) ¢ CUP(2sNCoM) ¢ OZ ® S2S)
CU(INCoN) = 0.5 ® (CU(CIINCoM) ¢ CUP(3JNCyM) ¢ DZ * V2S)
54 CONTINUE
S INSERT SWINT,171
IF (ICOML .EQ. 1) GO TO 40
®DELETE SWINT,.193
CALL JUMP (Ms ))
®INSERT SWINT,.198
DO 48 M = ) , MP2
IF (IJUMPC(M) LEQ. 0) GO TO 48
IF (M ,EQ. MP20) 60 TO 48
CALL COWLP My 1)
Coeo0ONL UUMP,
CALL JUMP (My NC)
48 CONTINUE
®1 CORNER.S9
®DECK COwlL
SUBROUTINE COML (JC)
Gl 0000000000000 000000000000000000000004RREIIIsEtoNUNcraTuEsaInIEcElasanuee

THIS ROUTINE COMPUTES THE COwL RADIUS AND DERIVATIVES AT ALL PHI
PLANES FOR A GIVEN Z. COWLP IS THEN CALLED 70 DETEHMINE
NECESSARY COWL SHAPE CONSTANTS AND TO CHECK FOR A JUMP, AT THE
COMPLETION OF COwLs THE COwL RADIUS AND DERIVATIVES ARE STORED IN
CUM)«C/ (M) sETC, OLD VALUES AT Z - DZ Akk STORED IN CO(M) CZO(M),
ETC.FOR ANY PLANE ON WHICh A JUMP OCCURS+NEW AND OLD VALUES ARE
STORED IN REVERSE OROER.

NOTE THAT Z IS ASSUMED TO HE INCREASING.

SUBROUTINE MUST BE VALID ON FRINGE PLANES,

OOOOOAOONOO

Conoe L 2 ] * (2212 ] L 1] * SRR NANECNNNSRARANGERRGRQEERS
®CALL CBODY

*CALL CCONST

SCALL CCOWL

c DO 50 me},mP2 «—— COWLADD. 56

Ceeevs TRANSFER NEW VALUES TO OLD
CO(M)=C M)
CZ0(m) =C2Z (M)
CPMIO (M) =CPHI (M)
CPHPHO (M) sCPHPHI (M)
CZPHIO (M) =CZPH] (M)
CZZ0(M)=CTZ (M)

Cim = 0,0

CZiM) = 0,0
CPHI(M) = 0,0

B-2

L. COMMON CCOWL
{new)

in

— SUBROUTINE SWINT

1

- SUBROUTINE COWL
(new)




NSWC TR 83-428

CPHPHI (M) = 0,0
CZPHI(M) = 0.0
CZZ(M) = 040

C
Coease INSERT DEFINITIONS OF C» CZy CPHI, CPHPWl, CZPH1s AND CZZ BELOW.
[
c
CALL COWLP(MsuC)
50 CONTINUE
RETURN
END
*DECK COwLP
SUBROUTINE COWLP (M, JC?

COWLP COMPUTES COWL PARAMETERS AND CHECKS FOR COwL JUMP.
INPUT = M = M~PLANE NUMBER
JC = ¢ CHECK FOR JUMP AND COMPUTE COWL PARAMETERS
JC = ~] COMPUTES COWL PARAMETERS ONLY
JC = | REVERSE NEW AND OLD COWL DESCRIPTION AND
COMPUTES COWL PARAMETERS

OO0 0

SCALL CBODY
®CALL CCONST
oCALL ccowL
®CALL CSTEPS
®CALL CXXYY22

[+ INITIALIZE JUMP AND INLET KEY
c
IF (JC) 140+ 10, 80
[ CHECK FOR A JUNP,
10 CONTINUE

CIZC = CZZ(M) = YZM(M) ® CZPHI(M) 7/ YPHIM(M)
C220C = CZZO(M) = YZM(M) & CZPHI(M) / YPHIM(M)
TEST] & AMAX1 (ABS(CZZC)s ABS(CZZOC))
TEST1=ABS(C2(M)=C20(M))-D2*TEST]
TEST2®AMAX] (ABS (CZPHI (M) ) +ABS (CZPHIO(M)))
TEST22ABS (CPHI (M) =CPHIO (M) )} ~D2eTEST2
IF(TEST1.6T.1.E-6)60 TO 30
IF(TEST2 .6E. 1.,E-6) 60 TO 30
IJUMPC (M) =g
60 TO 140
CeesosJUMP OCCURS-CHECK FOR OVERIDE
30 CONTINUE
TJUMPC (M) =]
IF(PHI (M) 6E.PHI2JIGO TO 8V
IF (PHI (M) ,LE.PHI1JIGU TO 80
CeecoveNO JUMP
IcFL = 1
IJUMP1IC (M) =2
TJUMPC (M) =0
60 TO 140
80 CONTINUE
AK=CZ (M)
CZ (M) =CZ0(M)
CZ0 (M) =XK
XK=CPH] (M)
CPM] (M) sCPRIO0 (M)
CPHIO (M) 3XK
XK=CZPHI (M)
CZPHI (M) =CIPHIO (M)
CZPH1O (M) =XK
AK=CZZ (M)
CZZ(M)=CZZ0(M)
CZ20 (M) nXK
XK=CPHPHI (M)
CPHPH] (M) sCPHPHO (M)
CPHPHO (N) XK
CeeessCOMPUTE COVWL SHAPE PARAMETERS
140 CONTINVE
Cn=C ()
CIn=CZ (M)
PHIZa=YZN (M) /YPHIMIN)
CPOB = CPHIIM) / CM
CPOB2 = CPOB se 2
DUM = 1,0 ¢ C2H o0 2
C2220UM«CPOB2
DUMLE (CPHPH] (M) /Cn=CP0B2)
DUM2m (CZZ (M) +CZPHI (M) *PHIZ) /DUM
DUMI=CZPHI (M) /CM
DUNMA=DUMI-CINOCPOB/CH
C2M M) =SQRT (C22)
CIM(M) SDUNLZYPHIM(M)
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CAM (M) sDUMA+PHIZ*DUM])
C5M (M) aCZPH]I (M) /YPHIMIN)
CTH (M) =DUM2oDUM

RETURN

END
®INSERT DECOOE.16

*CALL

Ccovl

®INSERT DECODE.11S

IF (1COWL .EQ. 0) 6O TO 2006

c
CoeoeBECODE COML POINT,
[

2003

2003

2006
#INSE

U3 = CV(3.NCyN)

SCH = CV(2sNCoeM)

SC(M) = SCM

Tl s C2ZM)

T2 = CPHLI (M) /7 C(M)

T3 & 1.0 ¢ T2 ®#e 2

PH = EXP (CV(1sNCoM))

IF (CV(1oNCoeM) 6T, =600.0 JAND. CV(14NCyM) (LT, 700,0) GO TO 2002
MRITE (6 o 3457) My PM

CALL SAVE

CONT INVE

PINCsN) = PM

CALL RGAS (PMy DMy SCMy 5)

DINCsM) = DM

ASQ(NCsM) = AX & AX

USQ = HOT2 - 2.0 ¢ HX

COUMP = Q5Q * T3 - U3 * U3

IF (COUMP .GE. 0.0) 6O TO 2003
CALL DMPSQRT (6HDECODEs Ss Zs Ks Me NCs CDUNMP)
CONT INUE

WM = SQRT (COUMP) / Cz-(M)

M(NCeM) = WM

VINCsM) = (U3 = T2 & T] # aM) ~ T3
UINCoM) = T1 @& WM o T2 & V(NCaM)
60 10 9

CONT INVE
RT DECODE.233

IF (ICOML +EQ. 1) 6O TO 100

SINSERT DECODE.236

100
SINSE
3457

CONTINUE

RT DECODE.246

FORMAT (1W1ls ® IN SUBROUTINE DECODE THE LOG OF PRESSURE ON PLANE®,
$ J4s ® ON THE COWL IS ®¢ 1PE1Se69 SXy ®=== STOP <==%)

SINSEAT EVAL.1S

oCALL

CCowL

®INSERT EVAL.29

15

IF (ICOML .EQ. 0) 60 TO 15
C3(KF) = CIM(M)

CA(KF) = CaM(M)

CS5(KF) = CSM(M)

CT(KF) = CTM(M)

CONTINUE

SINSERT EVAL.101

26

IF (N LT, NC +OR, ICOWL .EQ. 0) GO TO 26
PCY(KF) = PNM

VOCY(KF) = VNM / WNM

SCYIKF) = SC(M}

V2C(KF) = YNM ¢ CPHI(M) ® UNM / C(M)

CONT INVE

SINSERT FIELD.1S

oCALL
*CALL

ccovL
COECODE

®INSERT FIELD.T4

Ceoee
Cooor
Coooe

GA=0A2e,5
PTM = (1,0 ¢ 6D ® ACH®®2,0) ®# (=GA)
IF(ICOWL.EQ.0)1G0 TO 40
PTRTOT = 0,0
AREAT = 0,0
+PRESSURE RECOVERY CALCULATED
+PTR 1S LOCAL TOTAL PRESSURE RATIO
+PRESSURE RECOVERY = SUM (PTR # LOCAL AFFECTED AREA) 7/ TOTAL AREA
00 111 M = 20 WP)
Ml = 1
INC = )
IF ((1-10YAwien ,€Q, 2) IM] = O
IF ((1-1DYAWIOM EQ, MP]) IMC = 0O
00 110 N = )y NC
AX = SQRT(GAMMA @ P (NoM) /D (NsM))
AMACH = SORTIUCNIMI®92,0 ¢ VINIMI®02,0 « W(NIMI®®2,0) / AX
PTR = P(NoM) & PTH © (1.0 © GD ® AMACH®®2)®8gA

B-4
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INl = )
INC = )
IF (N €0, 1) IN)l = 0
IF (N +€EQs NC) INC 2 0
AREA 2 0,25 ® (PHI(MeINC)=PH](M=IM]))) ® ((0.5®(R(NyM)e¢
1 RIN®INCsM)I))®02,0 ~ (0.S*(R{N=IN]IoM)oR(NyM)))e02, 0)
AREAT = AREAT ¢ AREA
PTRYOT = PTRTOT ¢ PTR & AREA
110 CONTINUE
111 CONTINUE
PR = PTRTOY / AREAT
MRITE (6+3005) PR
40 CONTINUE
®INSERT FI€ELD.84
PTRsXINDEF
®] FIELD.O88
PTR=P (LoM) ®PTH® (] . +GDPAMACH®®#2) 00GA
SDELETE FIELD.99
®DELETE FIELD.100
WRITE(693400)LoRILoM) oW (LoM) sULoM) oV (LM oP(LoM)4PTR,y
1 O(LoM) ySKoAMACH TRL9TZ19 15X
®INSERT FIELD.1l1le
PTRaXINDEF
*INSERT FIELD.118
PTREP (Lo MM) #PTH® (], ¢GDRAMACH®®2) ®06a
*DELETE FIELD.120
*DELETE FIELD.121
WRITE(693400)LoR(LyMM) oW (LoMM) sULoMM) oV (LoMM) oP (LoMM) o
? PTRoD (L oMM) s SRoAMACH THR {IICF oL ) s THZ(ICFoL) o ISCICF, L}
®INSERT FIELD.129
3005 FORMAT (®0®,*PRESSURE RECOVERY PTAVR/PTINF 3 #,F10,5)
®DELETE FIELD.13)
36400 FORMAT(® ®,12¢1X93(1PELLc4o1X)s1PBELL.491Xs14)
*DELETE FIELD.136
®DELETE FIELD.137

3709 FORMAT(®0 N ®36Xs1HRs11 X9 MW 1 X9 HU») X HVe10Xe 1HP o TX9BHPT/PTINF

1 6XsINRHOsIX o L1HS o L0Xs MM JOX9s2HTR 99X 92HTZ+5X92HIS)
®INSERY FINAD.1S
oCaALL CCcowL
®INSERT FINAD.S7
IF (ICOWL +EQs 1) CALL WALL2 (0s M2y MPy MMy KNs
H CUP(1oNCoM2) e CUP(2oNCoM2) 9 CUP(I9NCoM2))
SINSERT FINAD.1LT
If (IcoWL .EQ, 1) 60 TOo 35
SINSERY FINAD.199
IF (IcowL .EQ, 0) 60 TO 61
CALL WALL2 (ly M2s WPy MMy KNe PSy SSy VS)
CUCLoNCoM2) = 0,5 ® (CULLINCoM2) ¢ CUP(1sNCoM2) « PS # D2)
CUC24NCoM2} = 0.5 ® (CUL24NCoM2) o CUP(2sNCeM2) ¢ SS & D7)
CUIsNCoM2) = 0,5 ® (CUCIINCoM2) ¢ CUP(IoNCyM2) + VS » D2)
61 CONTINUE
*INSERT FINAD.231
IF (ICOoWL .EQ, 1) 60 TO 70
®INSERT FRINGE.10
*CALL CCOwL
*BEFORE FRINGE,19
IF (lcowL .E@. 0) 60 YO 93
CPHPHI (M1) = CPHPHI (M2)
CZZ(M1l) = CZZ(M2)
CZPHI(M1) = CZPHI(M2)
SC(M1) = SC(M2)
93 CONTINUE
®INSERT INIT,.6
*CALL CCOwL
®INSERY INIT,83
IF (ICOWL .EQ, 0) 60 TO 42
SC(M} = SFF
CU(1oNCoM) = ALOG (P(NCoM))
CU(24NCyM) = SCI(M)
CU(3NCoM) = VINCoM) © U(NCoM) ® CPHI(M) / C(M)
60 TO 43
42 CONTINUVE
®INSERT INIT,086
43  CONTIMUE
®INSERT INIT.99
JJUMPC (M) = @
IF (ICOWOPT .EQ. 1) 6O TO 33
TJUMPLICIM) = 0
TJMPKTC (M) = O
60 70 34
33 CONTINUE
TJUNPICIM) = &
TJMPKTC (M) = ]

|
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36 CONTINUE _}- SUBROUTINE INIT S

SINSERT INLET.14 i———a
*OELETE INET. 7o .
> WRITE (6 1000) SUBROUTINE INLET ST

1000 FORMAT (® INLET SUBROUTINE CALLED ) ]
CALL JUMP (Ms 1) -
SINSERT INTVEG.14 S
*CALL CCOWL e
*INSERT INTEG,112 A
c

IF (1cowL .EQ. 0) 60 TO 1600 .~

Ceoo INTEGRATE THE COWL PRESSURES. .
c

I Ki=]

I DO 1325 I=1,6

1 SSF(I)=0. Sah

SUMJ(Ts1) =0, ‘ .

SUMJ(1,2) 20, .
1328 CONTINUE »

| ‘ )

IF (I0YAW .€EQ. 1) 60 TO 1300
[ H®e SIMPSON"S RULE FOR SYMMETRY CASE (PHIO=180) "ne
DO 1200 M=2,MC .
cH = C(M) o
CPHIB = CPHI(M) /7 CM - -
DUM & «2.,0 * (P(NCoM) « PINF) ® CH & PHIO ® TGeM(M)
SINP = SINPHI (M) . .
COSP = COSPHI (M) S ncsnd
l SF (1) aDUM® (COSP+CPHIB#SINP) | I
SF (3) aDUMCZ (M)
! DUM]=SF (3) #CH g
) SF (2) =DUM1#COSP K
. IF (M\NE. 3160 TO 112§ S
SF1(1) = SUMJ(lsl)) .
SF1(2) = SUMJ(2s1)
SF1(3) = SUMJ(3s1) S
1126 DO 1150 I=1,3 —————
1150 SUMJUIIK1)aSUMU(TeK])eSFL]) !‘
K1=3-K1 -

1200 CONTINUE AR
SF2(1)32.2{P(NCsMP])=PINF)®C(MP1)*PHIO®TGAM(MP]) — SUBROUTINE INTEG Y

SF2(3)==-SF2(1)*CZ(MP])
SF2(2)s=SF2(3)*C(MP])
D0 1250 I=1.3
F(1)sDYD3® (4.2SUMJ(]92)+2.9SUMJ(1+1))=SSF(I)*F(I)
IF (K1 .EQ. 1) GO TO 1225
CeveesEVEN NUNBER OF POINTS~USE SIMPSONS RULE FROM M32 T0 NC.
c APPROXIMATE THE LAST INTERVAL USING TRAPEZOIUAL INTEGRATION.
F(I)=F (1) +DYDI®(,54SF (1) ~SF1{I)+l.5SF2(1))
60 TO 1250
1225 F(I)sF(1)+DYDI®(SF2(I)~SF1(]1))
CeeoeeODD NUMBER OF POINTS= APPLY SIMPSONS RULE DIRECTLY,
1269 CONTINUE
60 TO 1600
[+ Lidd SIMPSON"S RULE FOR NON=SYMMETRIC CASE (PHIO=360) L4 1)
1300 CONTINUE

Klw]
D0 1500 M=2,MP}
CM = C(M)

CPHIB = CPHI(M) / CM i
DUM== (P (NCsM) ~PINF) 8CHOPHIO® TGAM (M) s
SINP = SINPHI (W) e
COSP = COSPHI (M)
SF (1) wDUM® (COSP+CPHIBeSINP)
SF(3) = DUN ® CZ(M) ..
OUM]l = SF(3) ® CM .
SF(2) = DUML * COSP
SF(4) = DUMI ® SINP
SF (5) sDUM® (CPHIB#COSP-SINP)
SF (6) sDUMSCHOCPH1B
1F (M.NE.3)60 TO 1375
00 1350 12146
SF1([) = SUMJ(Is1)
SF2(1) = SF(D)

1350 CONTINUE

1376 DO 1400 I=1,6

1400 SUMJ(T¢K1)SSUMJICLsK1) ¢SF (1)
K1s3-K1 ..

1500 CONTINUE o
D0 1525 I=1,6 "
F (1) uDYDI® (4. 9SUNJ(T92) +2.9SUMJ(101))=SSF (1) oF (1)

Rl J : T
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CoeasvsODD NUMBER OF POINTS=APPLY SIMPSONS RULE DIRECTLY,
IF (K1l .EQ. 1) 60 TO 1525
Cooess EVEN NUMBER OF POINTS=APPLY SIMPSON RULE FROM M=2 TO MPl AND
EXTEND TO M=3, USE TRAPEZOIDAL RULE TO SUBTRACT M=2 TO 3 INTERVAL,
FUI)aF(I)eDYDI®(4,%SFLL1)=SFR(I)=2.*SF(]))
1528 CONTINUE
c

1600 CONTINVE
SDELETE JUNP,2
SUBROUTINE JUMP (MBy N)
SINSERT JUMP,16
*CALL CCOWL
SDELETE JUMP,24,JUNP,26
SO0 = Sw(MB)
POM = 1.0
ETAP = BZ(MB)
SIP = BPRI(MB) / B(MB)
IF (N ,EQ, 1) 60 TO 40
Ceso00¥WL SURFACE,
0BP = CPHIO(MB) 7/ CO(MB) - CPHI(MB) s/ CiMB)
DBZ = C20(MB) - CZ(MB)
SO = SC(MB)
IF (N «EQ. 1) WRITE(JJJJIJ93130)B(MBI+BZ(MB) oBPHI(MB) +DBPyDBZsHOT2
IF (N «6T. 1) WRITE(JJIJJJs3IL3I1)ICIMB) 9CZ(MB) s CPHI (MH) +»DBPoDBZsHOT2
POM = ~1.0
ETAP = CZ(MB)
SIP = CPHI(MB) / C(MB)
40 CONTINUE
UN = UINsMB)
Vit = V(NeMB)
WW = W(NsMB)
Pu = P(NWNB)
OW = D(NsMB)
ASQW = ASQ(N,MB)
*DELETE JumpP,32
SDELETE JUMP.49
IF (N .EQ, 1) JUUMP]{MB) = 2
IF (N .67, 1) IJUNPIC(MB) = 2
SDELETE JUNP.SS
IF IN EQ, 1)) JJUMP} (¥B) = 2
IF (N .67, 1) IJUMPIC(MB) = 2
SDELETE JUMP,.ST7
10 CONTINUE
IF (QSMePOM LT, 0.0} GO TO 20
SDELETE JuMP,.62
ICFL = ]
IF (N .6T, 1) 60 TO 15
IJUMPL (MB) = 3
IJHPKT (MB) = )
60 TO 100
16 CONTIMNUE
IJUMPIC(NB) = 3
TJMPKTC(MB) = )
SDELETE JUMP 669 JUMP,68
IF (N 6T, 1) 60 TO 22
IJUNP]L (MB) = 4
TUMPKT (NB) = ]
60 70 23
23 CONTINUE
IJUMPIC(MB) = &
TJMPKTC(MB) = ]
3 CONTINUVE
2 CALL COMP (THETARs AMACHs PMy DWs SOs» QSMy QSPs QT ASQW, XUK)
100 CONTINUE
DiN,MB) = DV
P(NsMB) = PW
ASQ(NoMB) = ASQW
SDELETE JUMP,TO0JUMP,T2
IF (N +EQ. 1) SW(NB) = SO
IF (N .87, 1) SC(MB) = SO
VINeMB) = AAZ ® (XNP2 ® SIM = XNMP ® SIP) = AAl * DBZ
UINsMB) = AAL ® XT2 ¢ AA2 ® (XNMP = XNP2)
W(NeMB) = AAL ® DBP ¢ AA2 ® (XNP2 ® ETAM - XNMP & ETAP)
SOELETE JUMP T4 JUMP,TT
WRITE (JJJJJs3120) PusOWsUINIMB) oV (NoMB) oM (NoMB) ¢SOy ASQ(N,MB)
CU(1oNsMB) = ALOG (P(NsMB))
CU(2+NeMB) = SO
CU(3IeNsNB) = V(NsNB) o SIP ® U(NoMB)
CINSERT JUMP,84
3131 FORMAT (1M 922HCeC2oCPHIZDBPDBZoHOT291POELS.S)

I~ SUBROUTINE INTEG
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— SUBROUTINE JUMP
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S INSERT OUT,.8
*CALL CCowL
SINSERT 0UT,.61
WRITE (23) Zo WP2MLle (PB(M) s M=]l,MP2M])
SINSERT OUT.T71
IF (ICOML .EQ. 0) 60 TO 850

[+
Cees THIS SECTION OUTPUTS PRESSURES AT THE Cowl,
c

REWIND 16
NPTS = 0
Nl =1
NCHX = MC
NIP14 = M1 + 16
726 CONTINUE
NPTS = NPTS ¢ )
730 CONTINUE
MCS = MC
READ (16) NCoMCoATTA9YANIACHoGAMMAJPINFoDINF oPHI00KoZ»
¥ (DUMe I=lol2)e (PHI(M)s DUMs DUMs DUMy M=) oMP2M]),
2 ((DUMy DUMy DUMs DUMs PH(M)¢ DUMy M=]1oMP2M]1) s N=)oNC)
IF (EOF (16)) 840y 750
750 CONTINUVE
M2 = MING (MCo MIP1W)
IF (M2 LT, M1) 60 TO 730
IF (MC (NE. MCS) NPTS = |
IF (MOD (NPTS=ls S53) «NE. 0) 60 TO 775
WRITE (&s 3000) AChs ATTAs YAd. 20
1F (IPCID .EQ. 0) WRITE (6 » 3520)
IF (IPCID NE, 0) WRITE (6 » 352%!
DO 760 M = M1 , M2
PHI(M) = PHI(M) /7 RAD
760 CONTINUE
WRITE (6 o 3030) (PHI(M)s MaM]M2)
WRITE (6 » 3040)
775 CONTINUE
DO T62 Mk = Ml o+ M2
PBIM) = PBI(M) / PINF
Te2 CONTINUE
21 = 2 « 20
IF (IPCID .EQ. 1) 60 TO 800
WRITE (6 o 3050) ZZs (PB(M) s M=NM]1,M2)
60 10 82%
800 CONTINUVE
DO 810 M = M1 ¢ M2
PB(M) = (PB(M) - 1,0) / CONT]
810 CONTINUE
WRITE (6 o 3055) ZZy (PB(M)s MaM]l,M2)
826 CONTINUE
IF (M1 .67, 1) 60 TO 725
MCHX = MAXO (MCy MCMX)
WRITE (24) Z» MP2M])s (PH(M) 9 M=) oMP2M])
60 TO 725
840 CONTINUE
Wl = Wi « 15
IF (M1 ,6T, MCMX) 60 TO 850
NIPl4 = H] * 14
NPTS = 0
REWIND 16
60 70 72%
c..............Q.........QQ.."........Q.......Q'.............'........Q
850 CONTINUE
®INSERT OUT.262
3520 FORMAT (1M0»35X9eC O ¥ L
3528 FORMAT (1M0+30Xe®C O W L
L4 S COEFFICIENTe
®BEFORE PRINTST.19
oCALL CCOwL
SDELETE PRINTST. 26
] 1COuWL s NSFD,s NSGD
SINSERT PRINTST, 3]
TF(ICOWLLEQ.LIVWRITE (6 » 5023) ISWSMOCs ISwMODCy MODICs ICOWOPT
®INSERT PRINTST .94
8 9Ke® ICOWL s ©4110010X9®(OUTER BOUNDARY DEFINITIONe l=WALLoO=o
SSHOCK) ®9/y
OINSERT PRINTST,157
[4

PRESSURE
PRESSURE .y

5023 FORMAT (///+ SRe aNeess, & COWL OPTIONS®, 4H®S08, //y
1 9Xo® ISUSMOC & ©416910Xe0 (ISWSMOC = 1 =ENTROPY EXTRAPOLATION, =
$0=STANDARD) ®9/ ¢
2  9Ke® ISWMODC = ®,16010X+®(FORM OF BOUNDARY CONDITIONS= 0 = 14A,
$15As 23 = 14Cy15C)*y/,
3 9Xe® MOOIC = ®,18+10Xe® (ORDER OF ACCURACY=~ 0=1ST ORDERe 1=2ND
SORDER UNTIL COwL DISCONTINUITY ENCUUNTERED)®e/»

B~-8
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4 9Xs® ICONOPT = #,16910Xs#(COWL. NORMAL DERIVATIVE CONTROL- O=®
$ *STANDARD» 1 sMODIFIED FOR 4 STEPS)®)
®INSERT RADIUS.7
®CALL CCOwL
SDELRETE RADIUS,20
IF  (ICOWL +EQ. 0) CC = CU(LeNCoM) = B(M)
IF (1COWL +EQ. 1) CC = C(M) = B(M)
®INSERT READIN.10Q
SCALL Ccowl
®INSERT READIN.34
(] s ICOWLs ICOWOPT,s ISWMODCe ISWSMOC, MODIC
®INSERT WEADIN.R}
ICOML = 0
1CONOPT = 0
ISwMODC = 3
ISWSMOC = 0
NODIC = ]
SINSERT READIN.1S7
KFAC1 = )
SINSERT REZONE.10
*CALL CCOwL
®INSERT REZONE.08
IF (ICOwL .EQ. 1) CALL COuWL (~1)
IF (IcOowL .EQ. 1) 60 TO 65
®INSERT REZONE.TS
656 CONTINUE
SINSERT SAVE.10
SCALL CCOwL
®INSERT SHOCK.14
*CALL CCOwlL
SINSERT TRANF .17
*CALL CCOwL
®INSERT STEPS,20
CoveveAT LAST STEPs» MAKE SURE ZsZEND.
IF (2+D2 (LE. ZEND) 60 TO 204
DZ = ZEND - Z
Z = ZENO
IF (DZ oLTe 1e€E=4) DI = 1.E~4
60 T0 205
208 CONTINUE
ol WALL.140
*DECK wALL2
SUBROUTINE WALL2(L+MsJReJL9JSGsPZsSZeV22)

WALL2 COMPUTES PREDICTED OR CORRECTED 2 DERIVATIVES OF
Ps V24 AND S(ENTROPY) USING CHARACTERISTIC COMP, RELS.
V2 1S VEL. COMP, TANGENT TO COWL va2s=Ve (CPHI/BISU
V2C(J)s SCY(J) e VOCY(J)e AND PCY(J) ARE COWL VALUES OF
V2s Se V/¥ AND P RESPECTIVELY,. CONTROL INTEGERS IN ARGUMENT ARE
L +» 30 FOR PREDICTOR AND 1 FOR CORRECTOR
M s Y PLANE
JRy STORAGE LOCATION OF RIGHT SIDE DIFFERENCE QUANTITIES
JLs STORAGE LOCATION OF LEFT SIDE DIFFERENCE QUANTITIES.
JS6s STORAGE LOCATION OF M PLANE FOR DIFFERENCED QUANTITIES,
JR AND JL ARE LINE IDENT, INDEXES FOR YV DIFFS,
JSG=1e20¢3 LINE INDEX FOR TRANG AND COWL PARAMETERS
IF=1+2 LINE INDEX FOR TRANF PARAMETERS
TH1S VERSION OF WALL2 CONTAINS SEVERAL OPTIONS FOR COWL B.C.
ISWSMOC NE 0 MEANS COWL ENTROPY EXTHAPOLATION
MODIC = 1 MEANS SECUND ORDER ACCURACY
ISWMODC = 0 MEANS MOD 0 FOR COWL B.C,
= 3 MEANS MOD 3 FOR COWL BoC.
THIS ROUTINE CONTAINS SPECIAL FLATURES AFTER A JUMP
IJUMPIC(M) = 0 MEANS NO JUMP ON LINE
TJUMPIC (M) NE 0 MEANS JUMP MAS BEEN CALLED (SEE JUMP)
TJUMPIC (M) = 2 MEANS NO SECOND OHDER ACCURACY
AND NO ENTROPY EXTRAP, IF A COMPRESSION JUMP
AND MOD 0 FOR CUWL B.C.

QOO0 OOOOOOONOOOOHODOO0

®CALL CSwINT
®CALL CCUNST
*CALL CCOwL
®CALL CDECODE
*CALL COOPT
®CALL CEvaL
SCALL CSHOCK
®CALL CSTEPS
®CALL CTRANF
SCALL CTRANG
SCALL CwALL
®CALL CRaYYZZ

DIMENSION OCEY (4) 2 ICONT (100)
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DATA ICONT/100e0/
KMOD1C = NODIC
KSWMOD = ISWMODC
cH = CiM)
CIM s CZ(W)
CPHOB 2 CPHI(M) / CM
YPHIJsYPH] (JSG)
YZJ=Y2(JS6)
XRWaXR (NCyJS6)
U = U(NCoM)
W = W(NCsM)
Py 8 P(NCeM)
s V(NCoM)
s DINCoM)
ASQW = ASQINCeM)
VOR = v¥ /7 CM
VON = v / MM
YPOR = YPHIJ /7 CM
BBsdN*YZJeYPHIU®VOR
PX = (PWw =~ P{NAJM)) ® ODX
Dww = OW @ Wi
ETA = WW o® 2 - ASQNW
COUMP= (ETA®(1,+CPHOB®®2) ¢ (WWOCZM) ®92) /A5QW
IF (COUMP .6E., 0.) 60 TO 1001
CALL DMPSQRT (SHWALL2919Z9sKoMeNCyCDUMP)
- 100} BETA = =SQRT(COUMP)
b - ALAM = ASQW ® (BETA = CZM) / ETA
DUMA = Vi o CPHOB ® UNW
. AAX = =UNOR(NA,JSG) ¢ DOX
L DSY=(SCY(JR)=SCY(JL))*DDY

- V2Ya (V2C (JR) =V2C (JL) ) SDDY

‘ IF (IJUMPIC(M) .EQ. 0) GO TO 20
- IF (IJUMPIC(M) .EG. 2) 60 TO 15
. IF (L .EQ. 1) 60 TO 10

o IF (IJUNP1C(M) ,NE. 3) 60 TO 210

IF (IJMPKTCIM) .GT. NJMPKT) GO TO 230
1IFAC = NJMPKT
60 TO 215
219 CONTINUE L SUBROUTINE WALLZ2
IF (IUMPKTC(M) ,6T. NJMKTC) GO TO 230
1IFAC = NJMKTC
IF (ICFLeKCFL . NE. 0) 60 TO 215
IJMPKTC (M) s LJMPKTC(M) + KFAC
GO TO 10
215 CONTINUE
TJMPKTC (M) = JJUMPKTC(M) + 1
60 T 10
230 CONTINUE
IJUMPICIM) = 2
IJMPKTC(M) = O
60 TO 15
10 FACSFLOAT(IJMPKTC(M)=11/FLOAT(IFAC)
PXx = FAC * PX
AAX = FAC * AAX
WRITE (LLLLL2002) Zs My Ls FAC
16 CONTINVE
MODIC = O
ISWMODC = ©
ICONT (M) =ICONT (M) o]}
IF (ICONT{M) .EQ. 1) WRITE (LLLLL+2000) Zs MODICs ISWMODC, M
20 CONTINUE
IF (ISWMODC .EQ. 3) GO TO 25
DVONY = (VOCY{JR) = VOCY(JL)) * DDY
PY = (PCY(JR) = PCY(JL)) ® DDY
DUMM = (CZM /7 CM + YPOR ¢ DVONY) * Wu
DUM = 80 & WW / ASQW = YZU
PZ23= (ALAM®DUM+CZM®YZJ+YPOR®CPHOB) *PY
1 ~DWN® (BB® (C5(JSG) ¢ VOWRCI (JSG) )
2 AL '\N® (DUMMs (TF6 (NCyJSG) =TB6 (JSG) ) *WWsVORSTFT (NCsJS6) ) )
V2Z23 (8B (V2Y=UN®C3 (JSG) )+ YPORSPY/DW) /W
60 TO S0
28 T65JaT65 (JSG) NS
DO 40 Isl.é e
DCOY (1) =(COIIsNCoJIRYSDETY (NCoJR) =COIIoNCoJL) SDETY (NCoJL) ) #DDY .
40 CONTINUE Ty
CE12DW® (UN/CMeTG5U®B8 TF6 (NC» JSG) *ui e TF 7 {NC» JSG) ®VOR) vy
DUML = (T65J ® YZJ ¢ TG6(JSG)) © Py
DUM2 = (TG5J ® YPHIJ ¢ CPHOB) ® Pu / CM

ASQ=WHee24VUEN2eUWeE2 D
DUMIaUWeDCGY (3)~QSQODCBY (1) +WW® (DCGY (2) *DUM] ) +VW® (DCGY { &) +DUMR) RN
C ®#8° THE EQUATION FOR XK) IS VALID FOR PERFECT GAS ONLY  eee oo
AK1==DW/ (ASQWOGR) L
4
g

B-10 '
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PZ23=ALAMSWN® (CEL1+2,°DCGY (1) +XK19DUM3I/0M)
1 ¢ {CZM=ALAM) ®* (DCGY {2) *DUM]) «DCGY (3) +CPHOB® (DCOY (4) «DUM2)
V2Z23= (CPHOB®DCGY (3} ~DUMASDCGY (1) +DCOY (4) +DUM2) 7DWN
S0 P2sALAMEXRU*PX= (DWN® (ALAM®AAX-WW*CT (JS6)
1 «VHeC4 (JS6) *DUNGSVON/CM) +P223) /BETA
VaIsUleC4e (JS6) =VOR®CIN=V2223
IF (MOD1C .NE. 1) 60 TO 90
IF (L +EQ. 1) 6O TO 80
PXX = (2,0 ® P(NAsM) ¢ P(NC29M) ¢ Pu) * DDX
AAXX = («2,0 ® UNOR(NA9JSG) ¢ UNORINC2,JSG)) * DDX
PZCORC (M) sALAM® (XRYPPXX-0uWN®AAXK/BETA)
60 TO 90
. 80 PZsP2+P2CORC (M)
99 IF (K .67, ISWSMOC) GO TO 100
CALL RGAS(P(NC29M) sDINC29sM) sSH3s4)
CALL RGAS(P(NAoM) oD (NAIM) sSH204)
S2=2,°5M2-Sw3

. IF(SH2.LT.Sw3)S2=,5(SW2+5¥3) L-
CUtsonCemaag | oATIL) SUBROUTINE WALL?2
SI=0.
60 TO 125 (new)

100 SZ=-BB=0SY/NW
126 CONTINUE
PZ=PZ/PN
MODIC = KMODLC
ISwWMODC = KSWMOD
IF (IJUMPC (M) .EQ.0)6G0 TO 110
IF(L.EQ.1)60 TO 110
PZ=0.
WRITE (LLLLL92001) Zo M
110 CONTINUE
RETURN

c
2000 FORMAT (SXe ® FROM WALL2-= AT Z = #4F15.7+®% MODIC AND ISwWMODC ARE PE
SRMANENTLY SET T0#,2149® ON PLANE *y I4)
200) FORMAT (S5Xs ® FROM WALL2-= IN PREDICTOR STEP AT 2= #y F10,59
3 ® PZ IS SET TO 0.0 ON PLANE®, IS)
2003 FORMAT (5Xs ® FROM WALLZ=~ AT 2= ®, F}5.7, ® AND ON PLANE®s IS5y
1 ® L= 8y ]S ® X DERIVATIVES AKE SCALED BY ®, F10,5) _J

EnD
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APPENDIX C. USER INSTRUCTIONS FOR APPLICATION OF SWINT

TO AN INLET CONFIGURATION

The first step in calculating an inlet configuration is to determine the
flow field at the inlet face. This is accomplished by running SWINT to the
inlet face and saving TAPE1l7 which contains the final flow field
information. The procedure for doing this with the extended version of SWINT
is identical to that for the original version and is described in Reference
2. The output differs from that of the original SWINT in two respects: (1) a
PTO/PTINF column has been added to the flow field output which is the ratio of
the local stagnation pressure to the freestream stagnation pressure; (2) The
program stops exactly at z = ZEND rather that at the first step greater than

ZEND.

Interface Program COWLI

The COWLI program rezones the flow field to lie between the inner body
and the cowl. In addition, the inlet plane parameters described in Section
2.2 are calculated. This program is applicable even when the inlet or
portions of it lie outside of the flow field generated by SWINT at the inlet
face. At points outside of the SWINT generated flow field, freestream
conditions are assumed to exist. It is also possible to use COWLI to generate
a starting flow field for external calculations downstream of the inlet lip,
even in cases where the bow shock lies completely within the inlet

To run the COWLI program the flow field at the inlet plane generated by
SWINT must be attached as TAPEl]l and relevant quantities in namelist INPUTS

must be defined:




BNEW, BZNEW, BPHNEW -

CNEW ,CZNEW ,CPHNEW -~

IBODY

ICOWL

NSWC TR 83-428

Inner wall boundary of the computational domain b(¢,z)
and its derivatives bz(¢,z) and b¢(¢,z) . (See Figures

1,2)

Cowl or shock surface description c(¢,z) and its

derivatives cz(¢,z) and c¢(¢,z). (See Figures 1,2)

Controls conditions prescribed along inner boundary.
0 - inner body shape 1s not changed. BNEW,BZNEW,BPHNEW

need not be specified.

1 - inner body shape is changed to BNEW,BZNEW,BPHNEW,
which must be specified. Interpolated flow values at the
wall are turned tangent to the surface using an oblique

shock or Prantl-Meyer expansion.

2 - Same as IBODY = 1, except wall properties are also
assigned between the body and shock. The outer boundary
is assumed to be a shock with c, calculated from the shock
or Mach angle occuring at the

wall, ¢ = b + (cz - bz), and c¢ = b¢.

Controls the conditions prescribed at the outer boundary

and the type of surface (i.e., shock or cowl),

0 - outer surface geometry is not changed and

CNEW,CZNEW,CPHNEW need not be specified.

C-2
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1 - outer surface is a cowl with description

CNEW,CZNEW,CPHNEW. Interpolated flow values at the cowl

are turned parallel to the cowl surface.

2 - outer boundary is a Mach surface. The user specifies

CNEW,CPHNEW and CZNEW is computed.

Distance from the cowl 1lip at which calculation is

started, Specified only when IBODY = 2.

Controls radial distribution of mesh points. Default is a
uniform distribution. For other cases enter (r-b)/(c-b)
for each radial plane starting at the body and moving
towards the outer boundary. The same radial distribution

is presumed on each constant ¢ plane.

Reference area used in calculating induced load
coefficients. Default is the inner body cross-sectional

area at the inlet entrance plane.

Controls the amount of printed output

0 - print only inlet plane flow field parameters,

(i.e., Eqs (4) and (5))

1 ~ (default) IPRINT = O output plus final rezoned

flow field.

P S W S G e 4 e et L - .
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2 - IPRINT = 1 output plus initial flow field from
Tape 11.
3 = IPRINT = 2 output plus Jump subroutine messages.

To apply the interface program to an inlet geometry, options
IBODY=0/ICOWL=1 or IBODY=1/ICOWL=1 are used depending on whether the innerbody
slope or surface is discontinuous at the inlet face plame. Three additional
modes of operation are IBODY=2/ICOWL=0,IBODY=1/ICOWL=2, and IBODY=1/ICOWL=0.
These options are designed to facilitate restart of an external calculation
downstream of the inlet lip. The first,IBODY=2/ICOWL=0 is applicable when the
bow shock lies completely inside the cowl. Slightly downstream of the inlet
lip, the flow values obtained by turning the free-stream tangent to the COWL
outer surface provides an estimate of the local flow field. An alternative
approach for handling this situation which 1s also applicable when the bow
shock 1s only partially within the inlet 18 accomplished with
IBODY=1/ICOWL=2, Here the outer edge of the computational domain is defined
to be a Mach surface. As the SWINT calculation proceeds downstream from the
1lip, the shock or Prandtl-Meyer expansion generated at the body surface by
IBODY=1 propagates into the flow field and merges with the outer Mach
surface. The final option, IBODY=1/ICOWL=0 duplicates the function of the
INLET subroutine of SWINT.

The output from COWLI consists of Tape3 which is the restart file for
SWINT and printed data. The amount of flow field information printed is
controlled by the parameter IPRINT and the output flow field quantities are
designated using the same headings as found in SWINT. The items printed under
the heading "inlet plane flow field parameters" are described in Section
2.2. The induced force coefficients are followed by a value labeled force

error. This oumber is the percent discrepency obtained by calculating the

C-4

\
3
e e iaaa P . o cht et a - " e . L L .




.........................................

NSWC TR 83-428

forebody loads using direct pressure integration as opposed to Equations (5).

Applying SWINT to Inlets

The extended version of SWINT is applied to an inlet configuration in a

manner similar to that described in Reference 2 for external configurations.
Several additional variables must be prescribed along with a description of
the geometry of the cowl.

The cowl geometry 1s described in a wmanner analogous to that used to

describe the body. The quantities €y, sC ,and ¢ must be specified

¢¢

using fortran statements inserted at the indicated locations in subroutine

¢’czz’cz¢

COWL of SWINT. As an example, cousider a circular cowl starting at z = 1 with
a radius of 2 and an outwards angle of 7' relative to the missile axis for

z > 1. The necessary statements describing the cowl are:

c, = «12278456

- -1)%
c =2, + (= 1);cz

[J = Cc = c =c =
zz z¢ ¢ ¢
The final statement is not required since default derivative values are 0.
The additional variables which control the computation of the cowl

surface are specified in namelist INPUTI:

ICOWL 0 if the outer boundary is a shock and 1 if the outer

boundary is a wall,

C-5
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ICOWOPT 0; cowl slope and surface is continuous at starting plane,
‘l 1; A cowl slope or surface discontinuity occurs at the
starting plane. This results in the cowl surface normal

ii derivatives being modified for &4 steps.

MOD1C Controls order of accuracy of cowl boundary conditions,

0 - first order, 1 - second order.

ISWSMOC Controls application of entropy extrapolation at cowl,

Extrapolation is applied on planes M<ISWSMOC
ISWMODC Controls form of cowl boundary equations:
0 - Form 2A and 3A (Analogous to 14A and 15A of Ref. 2 for

centerbody)

3 - Form 2C and 3C (Analogous to 14C and 15C of Ref. 2 for

centerbody)

The variables MOD1C, ISWMODC and ISWSMOC are analogous to the body

variables MODl, ISWMOD and ISWSMO respectively. Recommended values for these
. D

parameters are discussed in Reference 2. .
1

The output from a run for an inlet configuration differs from an external

flow field calculation in the following respects:

1. At each plane where the flow field is printed, PTAVR/PTINF is
calculated which is the area weighted average of the recovery

pressure divided by the free-stream recovery pressure.

C-6
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2. At the completion of the calculation, the cowl pressures are

printed.

3. The force and moment coefficients represent the integration of

pressure over both the centerbody and cowl surfaces, but do not

include induced loads.
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APPENDIX D. SAMPLE RUN
This appendix illustrates the application of the extended SWINT code to the
inlet configuration shown in Figure D-1. The initial flow field was calculated at
z = .1 using the approximate conical starting program START which is described in

Reference 2. The data cards used for this run are:

SINBUTS
NC = 19,
Mo = 13,
ADN = 3,3,
ATYACK = 3,0,
Bt(l) = 0,017633,

Z % 0.1
23 = 0.1y
SEND

This program generates TAPE3 which is the SWINT starting tape.
Using the extended version of SWINT with the errata update file, the flow field
was marched from the starting plane at z=.1 to the start of the cowl which is locat-

ed at z = 3.216. The errata update file is as follows:

SJDENT ERRATA
*OELETE EOGE.)34¢+EDGE.135

DUM = 0,0

CALL JUMPF (Ile Ny My DUM)

IF (MM .NE. M) CALL JUMPF (I2+ N+ MM, OUM)
SOELETE EDGE.78

1 ABS (PHI(M) = PHI(NP}) ® 0,35 / PINF)
SINSERT FRINGE.18

8(M1) » BIN2)

BZ(M1) s BZ(M2)

BZZ(W1) = BZZ(M2)

BZPHI (N1) = BZPHI(M2)

8PHI(M1) = BPHI(M2)

BPHPHI (N1) = BPHPHI (M2) e
SDELETE REZONE.4SsREZONE.46 S
SINSERT REZONE.40 ]

DX = 1.0 / FLOAT (NA) '

ODX = NA °®
$INSERT FIELD.31 ]

IF_(IFIN .EQ. 0) 60 TO 16 _ 1
SINSERT FIELD.38 oo ]

. 16 CONTINUE L
SOELETE INTEG.41,INTEG.43 e

DTHETA = TH(I201) = TH(Is1}

IF (W ® (1 - IDYAW) <EQ. 2) DTHETA = 2,0 ® TH(Is1)

IF (M ® (1 - IDYAW) EQ, WP1) DTHETA = 2,0 ® (PHIO = TH(1,1))
SDELETE TRANGD.27,TRANGD.30 ill'blw

§ CONTINUE

DY = 1.0 / FLOAT (NSGD) —

SGDM2 = SGD(NSED) = 1.0 :

S6D(1) = SGD(NSGOP1) = 1.0 SR

SGOP2 = 1.0 + S6D(3) RS

S6D(NSGDP2) = 1,0 ¢ S60(2) BB

*DELETE SMOCK,68 RN

DCUZ(I) = (FAC)L @ DDX ¢ FAC2 @ DDY ¢ CES(I)) /7 PINF Co ]
*DELETE FRINGE.IS '
PYY = (P(Ns#) = P(NsMP)) / (PHI(M) = PHI(MP)) / PINF ®

— vt

SINSERT FRINGE.26
R(NsM1) = R(NsN2)

(=)
[}
e
PR, P U TIPS PR -4
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*DELETE 0UT,208,0UT.211
CYSXKOe*FY
CHMX=XK]1® (MX + ZCOFY)
CMY=XKL® (MY = ZC®FN)
CMZEXK] *MZ
®DELETE OUT,214,0UT.215
IF(CNJNE.0) XCPP=ZC/ZIREF ¢ CMY/CN « 20/ZREF
IF(CY.NE.O) XCPY=2ZC/ZREF = CMX/CY + 20/ZREF
®DELETE FEVAL.4)
SF (6)=RF @ (COSPP®SF (5) +SINPPSSF (1))
SDELETE REZONE.80
*OELETE REZONE.82

The configuration geometry was described using the following update

center-body:

S10ENT PRESSLY
*8 800Y.19
REAL XMC(100) ¢ YHC(100) +ZSAVE(3) 9BSAVE(3)
DATA XHC/0.09 4,09 Sols 4020 4039 4.4 4,50 4,559 4,69 4,65
1 o7 4,80 499 Solo 5¢39 559 5669 5,79 SeB8y 5.9¢ 6,/
DATA YHC/0os0 +70532¢ 7228, ,T3IBTs 75129 759 <7625,
1 07635 276259 oT0lls TS5BSy oT5040 7391y o712s 46829 +6525¢
2 +6362s 6180 59739 S5T44, 5467/
OATA KK /0/
NPTS=20
KKesKKe)
I01IFFs, 001
IF (KK.6T,2) ZDIFF=DZ
2SAVE(1)=2=-2DIFF
ZSAVE (2)=2
2SAVE (3) =Z+ZDIFF
DO 30 Jsml,d
DO 20 I=)+NPTS
IFCIXMCLI) ~ZSAVE(J) ) ® (KNC(1¢])=2SAVE(J)).GT,0,)G0 TO 20
FAC= (ZSAVE (J)=XHC(I) )/ (XHC(I*1)=XNC(]))
BSAVE (J)sYRC (1) * (YHC(I*1)=YHC(I))*FAC

60 7O 30
20 CONT INUE
WRITE(692000)Z+ZDIFF2ZSAVE
2000 FORMAT (®1GEOMETRY OUT OF RANGE Z+ZDIFFoZSAVE %45£16.8)
STOP“BAD GEOMETRY™
30 CONTINUE

00Z= (BSAVE (3)-BSAVE(1))/(2,9ZD1FF)
88Z2= (BSAVE(3) -2.®BSAVE(2) +8SAVE (1) )/ (ZDIFF201FF)
*1 900Y,35
IF(Z.LE.4,)60 TO 18
D(N) =BSAVE(L2)
87 1x)=802
B822(M)=8822
60 70 19
18 CONTINUE
8Z(M)=,17633
B(N)=2°8Z (M)
19 CONTINUE

cowl:

*8 COWLADOD.56

REAL XNC(100) ¢ YHC(100) +ZSAVE(I) 4CSAVE(I)

DATA ANC/2.0858¢ 3,19 3o20 Iobs ey 3.8¢ 4,00 4,10 4,20 4,250
1 G090 B,89 4,50 4,550 4,09 4,659 4.T79 4,80 4,99 Se0 Sl 560
2 s..' 5.9' 6.0/

DATA YHC/1les 14004188, 1.0054¢ 1,00519 99996 .9882¢ 9681
1 095645 93640 92619 91549 (U949, ,8768s 8695 864
2 o869 485720 85330 J8511le 85020 o859 850 <8574
3 «0646, ,8735/

DATA XK/0/

NPTS =24

KKsKKe )

ID1FF=,001

IF (KK.G8T.2)2DIFF=D?

11=2-,3%6

2SAVE(1)=22-2DIFF

1SAvE (2)m22

ISAVE(3)=22+2ID1FF

deck:
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DO 30 J=l,3
D0 20 [=1,NPTS
IF C(XNC (1) =2SAVE (J) ) ® (KHC(1¢1)=ZSAVE(J))+6T.0.)GO TO 20
FACT (2SAVE (J)=XHC (1)) / (XHC (e 1) =XHC (1))
CSAVE (U} =YHC LI ¢« (YHCUI® 1) =YHC(]) ) ®FaAC
60 TO 30
20 CONTINUE
WRITE (6920000 ZoZDIFF 2SAVE
2000  FORMAT ($)GEOMETRY OUT OF RANGE ZoZDIFFsZSAVE ®45€1646)
STOP4BAD COWL GEOMETRY®
30 CONTINUE
CCZ=(CSAVE (3) =CSAVE (1)) /12, #Z01FF)
CCZ2=(CSAVE (3) =2, 8CSAVE (2) *CSAVE (1) )/ (ZDIFF®ZDIFF)
®1 COWLADD.73
C (M) =CSAVE (2) R
cZ o =ccz R
CZZ (M) 2CCZ2 RIS

The cards designated as COWLADD.73 and COWLADD.56 are so marked in Appendix B.

The namelist inputs used to make this run were:

SINRUT] o
KAS20005 ZEND=3,2160 :
ISWNODC=0sMODLCH0 ¢ ISWHOD=0,MOD1 =0
SEND

SOUTRD

KOUT {11 =400

SEND

Sample output sheets from this run are shown in Table D-1. The restart file from
this run is written to TAPEl7.
To complete the calculation of the inlet configuration, program COWLI is used

to rezone the flow field so that it lies within the inlet. To run COWLI, the restart

tape generated by SWINT at z = 3.216 is accessed as TAPEll and namelist quantities

must be defined. The data cards used for this run are:

SINPUTS

ICOML=]) yCNEW=) . o CZNEW=,01 T4 s CPHNEW=0, o
IPRINT=0,

SEND

The output from COWLI is shown in Table D-2. The rezoned restart file generated

by COWLI is TAPE3.

The inlet section of the configuration is run using the restart file generated

by COWLI which is accessed as TAPE3. The data cards used to complete this run are: .;:;ﬁ

SINPUT)
1COWL=],1CONOPT=],
KA=2000+ZEND=5,2, : ’
ISWMODC=0+MODIC=0» ISWMOD=0+MOD1 =0,y

SEND !'—"'
SOUTRD
KOUT(1)=40,
SEND

The output from this run is shown in Table D-3.

D-3
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Mo, = 3.5 1INLET CONTOUR DEFINITION
Z/r r/r z/t -.356 r/r
a a a a
Centerbody Annulus
0.0 0.0 2.86 1.0
4.0 0.70532 3.1 1.004188
4.1 0.7228 3.2 1.0054
4.2 0.7387 3.4 1.0051
4.3 0.7512 3.6 0.99996
4.4 0.759 3.8 0.9882
4.5 0.7625 4.0 0.9681
4.55 0.763 4.1 0.954
4.6 0.7625 4.2 0.9364
4.65 0.7611 4.25 0.9261
4.7 0.7585 4.3 0.9154
4.8 0.7504 4.4 0.8949
4.9 0.7391 4.5 0.8768
5.1 0.7120 4.55 0.8695
5.3 0.6829 4.6 0.864
5.5 0.6525 4.65 0.86
5.6 0.6362 4.7 0.8572
5.7 0.618 4.8 0.8533
5.8 0.5973 4.9 0.8511
5.9 0.5744 5.0 0.8502
6.0 0.5467 5.1 0.85
5.6 0.85
5.8 0.8574
5.9 0.8646
6.0 0.8735
Figure D-1. Inlet Configuration Geometry
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